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3. SITE 503: EASTERN EQUATORIAL PACIFIC1
Shipboard Scientific Party2
HOLE 503
Date occupied: 6 September 1979
Date departed: 7 September 1979
Time on hole: 16 hr.
Position: 4°03.04'N, 95°38.21'W
Water depth (sea level; corrected m; echo-sounding): 3672
Water depth (rig floor; corrected m; echo-sounding): 3682
Penetration (m): 4.78
Number of cores: 1
Total length of cored section (m): 4.78
Total core recovered (m): 4.78
Core recovery (Vo): 100
Oldest sediment cored:
Depth sub-bottom (meters): 4.78
Nature: Siliceous marl
Age: Quaternary
Measured velocity (km/s): 1.5206
HOLE 503A
Date occupied: 7 September 1979
Date departed: 11 September 1979
Time on hole: 88.3 hr.
Position: 4°04.04'N, 95°38.21'W
Water depth (sea level; corrected m; echo-sounding): 3672
Water depth (rig floor; corrected m; echo-sounding): 3682
Penetration (m): 235.0
Number of cores: 54
Total length of cored section (m): 235.0
Total core recovered (m): 138.16
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Core recovery (%): 58.8
Oldest sediment cored:
Depth sub-bottom (meters): 234.74
Nature: Siliceous nannofossil ooze
Age: late Miocene
Measured velocity (km/s): 1.5567
Shear strength (g/cm2): 1119.75
HOLE 503B
Date occupied: 11 September 1979
Date departed: 13 September 1979
Time on hole: 52.0 hr.
Position: 4°03.02'N, 95°38.32'W
Water depth (sea level; corrected m; echo-sounding): 3672
Water depth (rig floor; corrected m; echo-sounding): 3682
Penetration (m): 112.8
Number of cores: 26
Total length of cored section (m): 112.8
Total core recovered (m): 94.17
Core recovery (%): 83.5
Oldest sediment cored:
Depth sub-bottom (meters): 111.12
Nature: Siliceous nannofossil ooze
Age: Lower Pliocene
Measured velocity (km/s): 1.5002
Shear Strength (g/cm2): 247.5
BACKGROUND AND OBJECTIVES
Our primary objective at Site 503 (Fig. 1) was to re-
cover a complete, undisturbed Neogene and Quaternary
section in the eastern equatorial Pacific. Site 503 is lo-
cated near Site 83 in an area that contains an almost
continuous pelagic record of the past 10 m.y. (Hays et
al., 1972). Unfortunately, Site 83 was only spot-cored,
and the recovered sediment is so badly disturbed by ro-
tary drilling that most of the detailed record is lost. The
section has an average sedimentation rate of 2.0 to 2.5
cm/k.y. with good-to-moderate preservation of all the
major microfossil groups. We returned to Site 83 to core
the same section, using the Hydraulic Piston Corer
(HPC) to obtain an undisturbed, continuous section for
high-resolution stratigraphic studies.
The quality of these HPC cores, together with the
data already collected at Site 502, should allow a high-
resolution intercalibration of the Neogene and Quater-
nary magnetostratigraphy with both Atlantic and Pa-
cific equatorial biostratigraphy. In addition, the evolu-
tion of equatorial microfossils throughout the late Neo-
gene and Quaternary are now available for study in one






Figure 1. Location of Site 503 and Site 83 (Leg 9) in the eastern equatorial Pacific. Both sites lie on the north flank of the Galapagos Ridge within the
symbol for Site 503.
of Oceanographic conditions in this area, revealed by
fluctuations in isotopes, calcium carbonate and opal con-
tents, and faunal and floral assemblages, can now be
studied. Sediment at Site 503, in combination with the
data from Site 502, should also record changes in sur-
face circulation and trade wind intensity. These sites
also contain information on the timing of the closing of
the Isthmus of Panama and initiation of Northern Hemi-
sphere glaciation.
OPERATIONS
We departed Balboa, Panama, at 0012 hr. on 3 Sep-
tember 1979, deployed the geophysical gear at 0015 hr.,
and steamed toward the vicinity of Site 503 (Fig. 1). Our
course paralleled that of Glomar Challenger Leg 9
(GC-9) from Site 83 (our destination) to Balboa, so we
were able to follow our progress by referring to the GC-9
profiles (Fig. 2). Speed was reduced to 5 knots at 0305
hr. on 7 September because the seismic reflection profile
closely resembled the profile over Site 83 (Fig. 2). We
dropped the beacon at 0332 hr., retrieved the geophys-
ical gear, and by 0400 hr. were stationed over the bea-
con. Site 503 is located at 4°04.4'N, 95°38.21'W at a
water depth of 3672 meters (corrected), about 11 km
east of Site 83. The track line of our approach and de-
parture is shown in Figure 3. A summary of the drilling
data is given in Table 1.
Core 1 from Hole 503 was retrieved on 7 September
at 1430 hr. and was a full core. We raised the drill string
3.0 meters and started again so that the sediment/water
interface would be recovered. We designated this second
core Core 503A-1 and commenced coring Hole 503A.
The operation was plagued with core catcher failures,
especially with the flapper type, and core liner fractur-
ing. We cored Hole 503A to a total depth of 235 meters
(Core 54), then stopped to avoid piston coring basalt
calculated to be at 240 meters. Recovery for Hole 503A
was only 58.8%, principally because of core catcher
failures. Rust contamination from the drill pipe was ob-
vious once we started using pipe that had not been used
at Site 502. This contamination caused a severe degrada-
tion of the paleomagnetic data.
Hole 5O3B was offset 100 meters to the southwest
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Figure 2. Seismic profiles across Site 503 (GC-68), filtered at 80/640 Hz, and Site 83 (GC-9).
0230Z 0332Z 0400Z
Drop Beacon
the sediment/water interface. Two modifications to the
HPC were made for Hole 503B: (1) We reversed the
bevel on the flapper-type core catchers so that the force
of the sediment on the flapper would tend to close it,
and (2) we chose to use only one small shear pin rather
than three. This latter change allowed the HPC to
"fire" at 800 to 1000 psi rather than 1800 to 2000 psi.
We felt that the shock of the HPC striking the sediment
at a high velocity and its rapid deceleration at the end of
the stroke may have caused some of the disturbance in
Hole 5O3A.
These modifications were significant. The recovery at
Hole 5O3B, both in amount and quality, was greatly im-
proved compared with Hole 5O3A. However, contami-
nation by rust continued to be a problem. Hole 5O3B
was continuously cored from the sediment/water inter-
face to 112.8 meters sub-bottom, with a recovery of
83.5%. We terminated coring at 0354 hr. on 13 Sep-
tember because of time constraints on our arrival in Sa-
linas, Ecuador.
The geophysical gear was deployed by 1704 hr. on 13






Table 1. Coring summary for Site 503.
96°00' 95°30' 95°05'
Figure 3. Approach and departure of GC 68 (solid line) from Site 503.
Dashed track line is GC-9 departure from Site 83.
about and crossed over the beacon at Site 503 and con-
tinued on to the port of Salinas.
LITHOSTRATIGRAPHY
The section at Site 503 consists of one major litho-
logic facies that can be divided into three units. These
units are defined on the basis of oxidation state and clay
content of the sediment. The lithostratigraphic division
of Site 503 and the ages of the units are given in Table 2.
Smear slide summaries for major and minor lithologies
are given in Table 3 (see Appendix, this chapter). •
Major Lithofacies
The section at Site 503 is composed of three sediment
types: (1) siliceous-bearing nannofossil marl, (2) calcar-
eous siliceous ooze, and (3) siliceous nannofossil ooze.
Slight variations in composition and microfossil pres-
ervation occur throughout the section but are not useful
for subdivision. Color cycles, apparently with a uniform
periodicity, are marked and occur throughout.
Unit A (0-8.45 m sub-bottom)
Unit A is composed of intervals of very dark grayish
brown iron oxide- and silica-bearing nannofossil marl
and calcareous-bearing siliceous ooze that alternates with
light yellowish brown and very pale brown silica-bearing
nannofossil marl and silica-bearing nannofossil ooze.
Gradations between these sediment types are common.
Burrows and mottles are common. Most color bounda-
ries are gradational and/or burrowed, but some sharp
boundaries occur near the base of darker lithologies.
Sedimeηt in Unit A is uniform in composition. Clay
is commoh (5-25%) to abundant (25-75%), but varia-
tion in clay content does not appear to correlate with
color cycles. Foraminifers are common (5-25%) and
moderately to poorly preserved. Nannofossils are abun-
dant (25-75%), and diatoms and radiolarians are com-
mon (5-25%). Iron oxides are rare (1-5%) in the lighter-
colored sediment and common (5-25%) in the darker-
colored material. Sponge spicules, silicoflagellates, and






































































































































































































































































































































































































































































































































































































































































































































Oxidized dark brown and orange silica-
bearing-nannofossil marl alternating
with calcareous-bearing siliceous
ooze with manganese and iron
oxides-hydroxides.
Reduced dark greenish to very pale
greenish yellow silica-bearing
nannofossil marl alternating with
calcareous siliceous ooze gradational
from dark at the top to light at the
base. Clay content decreases down-
section.
Reduced dark greenish to pale greenish
yellow siliceous nannofossil marl
alternating with calcareous-silica-
bearing clay. Contains pyrite and
greater than 25% clay.
The yellowish brown to brown silica-bearing nanno-
fossil marl of Unit A overlies a pale olive silica-bearing
nannofossil marl. We use this color change as the bound-
ary between Units A and B.
Unit B (8.45-226.20 m sub-bottom)
Unit B is composed of silica-bearing nannofossil marl,
calcareous siliceous ooze, and siliceous nannofossil ooze
that contains small amounts of pyrite and has colors
characteristic of reduced oxidation states. The unit has
small-scale variations of both color and composition
that have a range similar to the overall gradational
trends in the section.
Color cycles in the uppermost part of the unit are in
the green hue—from greenish black to light greenish
gray. The colors lighten downsection, hues of yellow
and yellow green beginning below 30 meters sub-bot-
tom. Brownish hues appear below 170 meters sub-bot-
tom as minor constituents of the total range in color;
however, the overall aspect of the colors continues to
lighten downsection.
Clay content in Unit B decreases with depth. Clay
comprises less than 10% of the sediment in the domi-
nant lithologies. Below 220 meters, clay content in-
creases and exceeds 25% abundance below 226.2 me-
ters, which marks the boundary with Unit C. Calcium
carbonate content exhibits high-frequency fluctuations
throughout the unit (see Gardner, this volume). Silica
content is variable and does not show a consistent trend
within the unit.
We chose the boundary between Units B and C where
the clay content rapidly increased to more than 25%.
The transition to over 25% clay abundance occurs be-
tween Cores 52 and 53 of Hole 5O3A at 226.2 meters
sub-bottom.
Unit C (226.20-234.75 m sub-bottom)
Unit C is composed of siliceous nannofossil marl, sil-
ica-bearing nannofossil marl, and calcareous- and silica-
bearing clay, all of which are enriched in clay in com-
parison to the overlying sediment. The colors of Unit C
are somewhat darker than those of the overlying sedi-
ment. Clay is abundant (25-75%) but varies greatly.
The proximity of the base of this unit to basement (we
estimate the bottom of Hole 5O3A is within 10 m of oce-
anic crust) suggests that the clay may reflect a hydro-
thermal or thermal alteration of the sediment (see Ba-
ker, this volume). These basal clays are composed pre-
dominantly of smectite minerals (see Zimmerman, this
volume). Foraminifers are rare (1-5%) to absent. Nan-
nofossils are common (5-25%) to abundant (25-75%),
and unspecified carbonate is common. Diatoms and
radiolarians are uniformly common (5-25%). Minor
amounts of pyrite, ash, and silicoflagellates make up the
remainder of the sediment.
Discussion
The lithofacies at Site 503 have several interesting
aspects. The abrupt change from reduced to oxidized
sediment at 8.45 cm sub-bottom (see Frontispiece, this
volume, and core photographs) is similar to that at Site
502 in the western Caribbean. The significance of this
event is not well understood, but it apparently represents
postdepositional reduction of the sediment. Clay miner-
als throughout the section are dominated by smectites
that probably reflect halmyrolytic formation of the clays
by convection of pore waters that are thermally driven.
The large increase in clay mineral content in Unit C may
reflect the proximity of altered basaltic rocks. Unit B
has trace amounts of illite and rare amounts of chlorite
and kaolinite, whereas abundant occurrences of chlorite
and kaolinite and rare amounts of illite occur in Unit A.
Smectite is still the dominant clay mineral; however, the
small increase in detrital clay input may reflect a change
in Oceanographic current patterns in the Holocene.
Several horizons of dispersed ash occur throughout
the section (see Ledbetter, this volume). The Miocene
and lowermost Pliocene sections contain only trace
amounts of ash at infrequent intervals. However, sev-
eral lower Pliocene through Quaternary horizons con-
tain abundant dispersed ash, with the greatest incidence
in the uppermost Quaternary. The ash in the lowermost
section is dominantly dark glass, whereas the upper sec-
tion is dominated by light glass (see smear slide sum-
mary, Table 3).
Large nodules of microcrystalline rhodochrosite,
MnCO3, (Fig. 4) occur within Units B and C from 19.4
meters to the base of the section (last occurrence in Sam-
ple 5O3A-53-2, 13 cm at 227.8 m sub-bottom) (see Cole-
man et al., this volume). Semiindurated carbonate oc-
curs around burrows at about 13 meters. The nodules
are most abundant in the interval from 19.4 to 80 meters
sub-bottom and appear to have formed around bur-
rows. This relationship suggests that either the burrow-
ing organism or the burrows themselves created a geo-
chemical microenvironment favorable to the subsequent
precipitation of rhodochrosite. Several nodules show
not only the major burrow but additional burrows inter-
secting the major one.
Biogenic parts (briefly discussed and figured in the
Site 502 chapter, this volume) appear scattered through-
out the section in trace abundances. The most common
element found is probably a hook from a squid arm (C.
B. Miller, personal communication).
Bioturbation is common to abundant throughout the















Figure 4. Rhodochrosite nodule from Sample 503B-2, 58-65 cm. The
nodule apparently formed around a burrow.
rims" around burrows. In some instances, concentric
millimeter-thick dark laminae enriched in pyrite encircle
burrows. Intense bioturbation occurs in numerous inter-
vals. Burrows are most evident at sharp color changes
and they are very often pyritized. Zoophycus are com-
mon throughout the section. Open burrows are com-
mon in Unit B (Fig. 6) from 9.3 to 64 meters sub-bot-
tom. These burrows have cemented walls that are gener-
ally pyritized. Fecal pellets occur in one burrow at 9.3
meters (Fig. 6).
Color cycles are a dominant feature of this section.

























Figure 5. Example of undisturbed burrows in Sample 24A-2, 80-100
cm at approximately 100 meters sub-bottom. Little to no distor-
tion occurs along the sides of the core.
dally carbonate content. We measured the lengths of the
color cycles as the distance between the tops of consecu-
tive layers of the same shade (Fig. 7). The lengths of the
cycles in Hole 5O3A show a wide range that may reflect
a change in sedimentation rates. A shift to longer cycles
occurs at the bottom of Hole 503A (Fig. 7). A single
strong mode occurs at 80 to 100 cm per color cycle down
to 110 meters depth. This corresponds to a periodicity

























Figure 6. Open burrows and a burrow filled with fecal pellets in Sam-
ple 503B-3-2, 53-73 cm (approximately 9 m sub-bottom). These
structures illustrate the undisturbed nature of HPC cores. See
frontispiece, this volume, for a color photograph of these features.
cm/k.y., for the sedimentation rate. This estimate is
slightly biased to shorter periodicities, because we ig-
nored the layer at the top and the bottom of each core
and the change of the longer rather than the shorter cy-
cles straddling core breaks is greater. Carbonate content
also shows a cyclic variation (Fig. 8) (Gardner, this vol-
ume), with periodicities similar to those of color cycles.
Our lithostratigraphic subdivision differs from that
at Site 83 (Hays et al., 1972). The lithostratigraphy at
Site 83 is subdivided into three formations (Clipperton
Oceanic Formation, San Bias Oceanic Formation, and
Line Island Oceanic Formation), and the San Bias Oce-
anic Formation is further subdivided into three units.
Our subdivision of the section is compared to that of
Site 83 in Table 4. Our Unit A can be correlated with the
Clipperton Oceanic Formation. Unit B correlates roughly
with the San Bias Oceanic Formation but differs in
some aspects. We do not recognize the increased carbon-
ate content in the upper section of our Unit B that was
noted by Hays et al. (1972) in their Unit 1 of the San
Bias Oceanic Formation. We also did not detect a change
in the frequency of burrowing in our Unit B that had
been noted in Unit 3 of the San Bias Oceanic Forma-
tion. The carbonate nodules that are so abundant at Site
503 apparently were not found at Site 83. We believe
these differences are simply the result of the differences
in quality of HPC versus rotary-drilled samples. Our
Unit C correlates to an unrecovered interval above the
Line Islands Oceanic Formation at Site 83. Site 503 did
not penetrate a facies that correlates to the Line Islands
Oceanic Formation at Site 83.
PHYSICAL PROPERTIES
Standard DSDP methods (Boyce, 1976, 1977) were
used for the analyses of physical properties at Site 503
(see Introduction and Explanatory Notes for details).
Zones of obvious sediment disturbance were not sam-
pled or analyzed. Vane shear and penetrometer mea-
surements were made on split cores. One sample per
core (usually from Section 2) of known volume was taken
and sealed with rubber cement. A 2-minute GRAPE count
was run on these subsamples. They were then refrig-
erated in sealed containers to await additional analysis
ashore. A detailed discussion of the results appears in
Mayer (this volume).
Low values of shear strength occur in the uppermost
section at Site 503 (Fig. 9). The expected increase of
shear strength with depth, however, occurs only to a
depth of about 15 meters, where a value of about 400
gm/cm2 occurs. Shear strength below this depth re-
mains fairly constant but with small variations down to
about 210 meters sub-bottom. Shear strength rapidly in-
creases at about 210 meters to a maximum of 1686
g/cm2 at 224 meters. The lack of an increase in shear
strength with depth in the upper 200 meters of the sedi-
ment column implies that the sediment is extremely un-
dercompacted. This is consistent with the associated
high porosities and water contents. The cause of the
undercompaction may be the high percentage of bioge-
nous silica. The spiney biogenous tests may mechan-
ically interlock to form a supporting framework. The
small variations about the mean in shear strength may
be due to subtle lithologic changes. The rapid increase in
shear strength at 210 meters probably reflects the in-
crease in the clay content (see Lithostratigraphy) to-
gether with the collapse of the interlocking framework
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Figure 7. The distribution of the length (cm) of color cycles versus sub-bottom depth (m) in Holes 5O3A and 5O3B. A histogram of cy-
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Figure 8. The variation of calcium carbonate content with sub-bottom
depth in Holes 5O3A and 5O3B. (From Gardner, this volume.)











































Figure 9. The variation of shear strength (g/cm2) with sub-bottom
depth in Holes 5O3A and 5O3B.
reprecipitation of silica, or possibly a thermal effect
caused by proximity to basement. Biostratigraphy vir-
tually eliminates a major hiatus at this depth.
In order to place the vane shear measurements in the
proper perspective, shear strengths were determined on
several calibration samples. Each sample was run ten
times with the utmost of care. The shear strength of
day-old Jewish rye bread dough (without seeds) was
found to be 47.53 g/cm2. Cream cheese proved to have
a strength of 66.13 g/cm2. Ginger cookie dough had
values of 70.26 g/cm2. A value could not be determined
for lime jello, probably because of the large pineapple
inclusions interspersed throughout the host material. Sev-
eral attempts were made to measure the shear strength
of chocolate chip cookie dough, but in each case the
cookies were eaten before a measurement could be made.
The penetrometer data (Fig. 10) also indicate that the
section is undercompacted, although the data seem to be
slightly more sensitive to small amounts of compaction
that have occurred. The general trend shows a very gen-
tle decrease in penetration down to about 210 meters

























Figure 10. The variation in penetrometer penetration (cm) with sub-
bottom depth in Holes 5O3A and 5O3B.
in the uppermost sediment. Very large-scale, high-fre-
quency fluctuations in penetration are superimposed on
this trend. These fluctuations appear to be the result of
lithologic variations. High-frequency fluctuations end
below 210 meters sub-bottom, and penetration values
drop below about 1.4 cm. This drop in values coincides
with the zone of increased shear strength.
P-wave velocities were measured both through the
liner and on chunk samples. The velocity values are ex-
tremely low (Vp = 1.515 km/s) and are typical of highly
siliceous sediment. The velocity curve (Fig. 11) is char-
acterized by high-frequency, low-amplitude fluctuations.
The total range in values (1.495-1.570 km/s) is only
slightly greater than the precision of any one measure-
ment (5%), and we thus conclude that the velocity fluc-
tuations are insignificant. This constant velocity may in
part explain the absence of sub-bottom reflections on
the 3.5 kHz profiles. The velocity baseline appears to in-
crease to 1.54 km/s below 210 meters sub-bottom. This
increase coincides with the increase in shear strength
and clay content discussed earlier.
Density, water content, and porosity were determined
by gravimetric analyses and continuous and 2-minute















Figure 11. The variation in seismic velocity (km/s) with sub-bottom
depth for Holes 503A and 5O3B.
ities and water contents occur throughout the section
(Fig. 13). These data are also consistent with the ex-
tremely undercompacted nature of the section. Mini-
mum densities of 1.13 g/cm3 are found between 30 and
50 meters sub-bottom, and maximum densities of 1.37
g/cm3 are found between 205 and 220 meters sub-bot-
tom. Interestingly, the densities decrease in the deepest
samples, where shear strength and velocity increase. The
lack of a coincident increase in density in the bottom ten
meters of the section may imply that the shear strength
and velocity increases are due to a small increase in clay
content or a thermal effect.
SEISMIC CORRELATION
On the approach to Site 503, the Glomar Challengers
seismic array consisted of a 40 in.3 and a 5 in.3 airgun
that were fired at 10-s intervals. Records were made at
10-s sweep filtered at 80/160 Hz and at 5-s delayed sweep
filtered at 80/640 Hz. The 3.5-kHz profiler was in oper-
ation, but the record is of such low quality that it cannot
be used for high-resolution studies of the section.
P-wave velocities on individual samples from Site 503
give an average velocity of 1.510 km/s. No intervals of
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Figure 12. The variation in saturated bulk density (g/cm3) with sub-
bottom depth for Holes 503A and 5O3B.
with depth in the section (Fig. 11). Therefore, we use a
constant 1.510 km/s to convert the time record to a
depth section (Fig. 14).
Four acoustic units can be defined on the seismic pro-
files. Acoustic Unit 1, from 0 to 16 meters, is an acous-
tically transparent section that contains one reflector.
Acoustic Unit 2, from 16 to 178 meters, is uniformly
stratified with almost no variation in the distances be-
tween internal reflectors. Acoustic Unit 3, from 178 to
240 meters, differs from Acoustic Unit 2 in that the in-
terval reflectors are not so uniformly spaced. Acoustic
Unit 4 is basaltic basement, based on the results from
Site 83 (Hays et al., 1972).
A rough correlation is observed between the acoustic
units and the lithostratigraphic units (Fig. 14). How-
ever, the boundary between Acoustic Units 2 and 3 does
not coincide with the boundary between Lithostrati-
graphic Units B and C.
BIOSTRATIGRAPHY
Sediment recovered at Site 503 represents a relatively
complete section from the Quaternary through the up-
per part of the upper Miocene. The sediment contains






















Figure 13. The variation of water content (°7o) with sub-bottom depth
in Holes 503A and 5O3B.
ciently numerous and well preserved to permit us to
compare the biostratigraphy of all major planktonic
groups. However, several problems became apparent.
Nannofossils are affected by dissolution in the Quater-
nary section. Reworking obscures some of the strati-
graphically significant events near the Pliocene/Pleisto-
cene boundary, in the lower Pliocene, and throughout
the Miocene. Foraminifers are rarely well preserved or
abundant and require the treatment of large samples to
obtain sufficient number of specimens. Diatoms are rare
and poorly preserved in the Quaternary section but are
somewhat better preserved in the Pliocene and become
abundant and very well preserved in the Miocene sec-
tion. This good preservation and an assemblage domi-
nated by forms characteristic of the present Peru-Chile
Current implies high silica productivity during the Mio-
cene. Radiolarians are somewhat corroded and sparse in
several cores near the Pliocene/Pleistocene boundary
and show some reworking of Miocene species into the
entire section.
The Pliocene/Pleistocene boundary occurs in the up-
per part of Core 503A-9 and the upper part of Core
5O3B-1O if it is defined by the extinction of Discoaster
brouweri. But the boundary is higher (Cores 503A-7 and


















carbonate content and clay con-
tent increase with depth.
BASALT (Leg 9 results)
Figure 14. Seismic profile (GC68) was filtered at 80/640 Hz. The correlation with acoustic and litho-
stratigraphic units at Site 503.
diatom datums. Poor sediment recovery and scarcity of
various marker species combine with reworking to make
the precise determination of the Pliocene/Pleistocene
boundary difficult. We subdivided the Pliocene into early
and late intervals at the last appearance of the plank-
tonic foraminiferal genus Sphaeroidinellopsis (Samples
503A-20-2, 50 cm and 503B-19-2, 75 cm). The Miocene/
Pliocene boundary at Site 503 is defined by the first ap-
pearance of Globorotalia tumida in Sample 503-37,CC.
Details of the diatom, radiolarian, calcareous nannofos-
sil, and foraminiferal zonations are given in the follow-
ing and are summarized in Figures 15 and 18.
Calcareous Nannofossils
The section at Site 503 contains most of the nanno-
fossil zones from early late Miocene to Quaternary age.
Marked variations in abundance and preservation of
nannofossils occur throughout the section, so that sev-
eral datums cannot be precisely determined. Reworking
of Miocene and Pliocene forms was noted throughout
the section. A detailed discussion of the distribution of
Plio-Pleistocene calcareous nannofossils at Site 503 is
found in Rio (this volume). Here, we summarize the
shipboard biostratigraphy of the calcareous nannofos-
sils, with emphasis on epoch boundaries (Figs. 15 and
18).
Biostratigraphic subdivision of the Quaternary sec-
tion is hampered by poor preservation of nannofossils.
However, all zones except the Emiliania huxleyi Acme
and the small Gephyrocapsa Zones (Gartner, 1977) are
recognized at Site 503. A short interval just above the
uppermost occurrence of Helicopontosphaera sellii (Sam-
ples 503A-5-2, 108 cm to 5O3A-5-3, 48 cm; Cores 5O3B-
2, 40 cm to 5O3B-3, 40 cm) in which no large G. oce-
anica were found may represent the small Gephyrocapsa
Zone. A few reworked discoasters of Miocene and Plio-
cene age are found near the base of the Quaternary.
The Pliocene/Pleistocene boundary as defined by the
last occurrence of the nannofossil Discoaster brouweri
is somewhat difficult to determine in this section be-
cause of reworking. Therefore we defined the boundary
by the first consistent downcore occurrence of D. brou-
weri, which is located between Samples 503A-9-1, 108
cm and 503A-9-2, 48 cm and between Samples 5O3B-1O-
1, 40 cm and 5O3B-1O-2, 40 cm. The succession of dis-
coaster extinctions in the upper Pliocene was easily de-
termined (see Fig. 15). However, in the lower Pliocene,
the top of the D. tamalis Zone (Samples 5O3A-13-3,
48-108 cm; 503B-13-2, 40 cm to 5O3B-13-3, 40 cm) is
difficult to determine because of the sparsity of this
species at the top of its range. The Reticulofenestra
pseudownbilica and D. asymmetricus zones could not
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be differentiated in this section because of the rarity of
Amaurolithus tricorniculatus, which is used to define
the top of the D. asymmetricus Zone. However, the
base of the D. asymmetricus Zone occurs between Sam-
ples 503A-26,CC and 503A-27,CC in Hole 5O3A and be-
tween 5O3B-21,CC and 503B-22.CC in Hole 5O3B.
The Miocene/Pliocene boundary is placed at the last
consistent occurrence of D. quinqueramus (Core 5O3A-
33) at a sub-bottom depth of approximately 138 meters.
Considerable reworking of nannofossils is apparent at
this boundary, as shown by specimens of D. quinque-
ramus that occur as high as Core 5O3A-31.
Almost all of the Miocene sequence falls into the D.
quinqueramus Zone (see Fig. 15). A. primus is found in-
termittently to Core 503A-49, at a depth of approxi-
mately 208 meters. We found a moderately well-pre-
served flora at the base of Hole 5O3A that includes D.
neorectus. D. neorectus was also found at about 185-190
meters sub-bottom but is probably reworked. A down-
ward decrease in abundance and preservation also char-
acterizes this interval.
Planktonic Foraminifers
Planktonic foraminifers are present in nearly all sam-
ples but are rarely abundant because of carbonate disso-
lution and dilution by siliceous microfossils. For these
reasons, examination of large samples (about 30 cc) of
core catcher material was often necessary. Despite this
difficulty, important zonal marker species are sufficient-
ly abundant and well preserved to use a modified ver-
sion of the foraminiferal zonation developed for the
eastern equatorial Pacific (Jenkins and Orr, 1972). A
summary of the foraminiferal biostratigraphy is shown
in Figures 15 and 18. A detailed discussion of the Neo-
gene biostratigraphy, including the precise location of
specific datums and zonal boundaries and the biogeog-
raphy of planktonic foraminifers, is given in Keigwin
(this volume).
The Pliocene/Pleistocene boundary at Site 503, as
placed by the first appearance of Globorotalia truncatu-
linoides, is found between Samples 5O3A-7,CC and
503A-9,CC in Hole 5O3A and in Sample 5O3B-8.CC in
Hole 503B. Jenkins and Orr (1972) defined the Pliocene/
Pleistocene boundary by the last occurrence of Globi-
gerinoides fistulosus, but we found this datum to be in-
consistent and difficult to locate precisely. We place the
early/late Pliocene boundary at the last appearance of
genus Sphaeroidinellopsis at Core Sample 503A-20-2,
50 cm in Hole 5O3A and at 503B-19-2, 75 cm in Hole
5O3B. Jenkins and Orr (1972), however, appear to define
their early/late Pliocene boundary by the last occurrence
of Sphaeroidinellopsis subdehiscens (several meters lower
than the last appearance of S. seminuliná). The last ap-
pearance of Sphaeroidinellopsis at Site 503 is close to
the first appearance of G. fistulosus (Samples 5O3A-
20-1, 100 cm; and 503B-19-1, 75 cm). Consequently, the
early/late Pliocene boundary is actually marked by two
datums.
The Miocene/Pliocene boundary at Site 503 is based
on the first appearance of Globorotalia tumida (Sample
5O3A-37,CC), which has been shown to be a reliable
marker (Saito et al., 1975). The Miocene/Pliocene
boundary at Site 83 is based on the boundary between
the nannofossil zones Ceratolithus rugosus and C. tri-
corniculatus (Hays et al., 1972) and is about 30 meters
shallower than the Miocene/Pliocene boundary defined
by planktonic foraminifers at Site 503.
Several planktonic foraminiferal datums that may be
useful for subdividing the upper Miocene occur at Site
503 (see Keigwin, this volume). The last appearance of
Globoquadrina dehiscens (Sample 5O3A-33,CC), which
is rare at Site 503, occurs near the Miocene/Pliocene
boundary and is a useful marker for that boundary. The
genus Pulleniatina first appears in Hole 503A, Sample
5O3A-38,CC, preceded by an interval of sinistral Neo-
globoquadrina acostaensis between about 187-191 me-
ters. These datums appear more distinct and stratigraph-
ically useful in the Pacific than they are in the Carib-
bean. The last occurrence of Globigerinoides bulloideus
found in Panama Basin DSDP Sites 84 and 158 (Keig-
win, 1976) occurs in Hole 5O3A in Sample 503A-40.CC
at 169.90 meters sub-bottom. This extinction may pro-
vide an important horizon for correlating Caribbean
and eastern equatorial Pacific sequences. The age of
basal sediments is estimated to be about 8 m.y.
Silicoflagellates
Neogene silicoflagellates at Site 503 are especially
abundant and well preserved in Miocene Cores 5O3A-3O
to 54, but Pliocene assemblages in Cores 503A-12 to 30
are less abundant and contain increased numbers of dis-
solution-thinned specimens. A full description of the sil-
icoflagellate Neogene zonation, evolution, and system-
atics appears in Bukry (this volume). Here, we sum-
marize the biostratigraphy, with emphasis on epoch and
zonal boundaries.
The base of the Dictyocha stapedia Zone occurs in
the upper lower Pliocene at Sample 503A-19-2, 124-125
cm. The base of the late Miocene-early Pliocene D.
fibula Zone is defined by the Asperoid/Fibuloid rever-
sal of Dictyocha. Unfortunately, the detailed counts
made possible by the HPC sediments reveal six reversals
of the Asperoid/Fibuloid ratio through the previously
described interval of the D. fibula Zone. Hence the ratio
is not a consistent criterion for the zonal boundary. Like-
wise, the top of the D. brevispina Zone cannot be estab-
lished because reversals of the Asperoid/Fibuloid ratio
indicate that the D. fibula Zone occurs as deep as Core
5O3A-54. The assemblages are diverse, and several new
species are found (Bukry, this volume). The increased
detail of the HPC record suggests that the upper Mio-
cene zonation is not unique and that the Asperoid/Fibu-
loid ratio is quite variable.
Diatoms
Diatoms are rare and poorly preserved throughout
the Quaternary section at Site 503 (Cores 503A-1 through
5O3A-8 and 5O3B-1 through 5O3B-8), common and well
preserved in the Pliocene section (Cores 503A-9 through
503A-32 and 503B-9 through 503B-26), and abundant
and very well preserved in the upper Miocene section
(Cores 5O3A-32 through 503A-54). The upper Miocene
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interval is dominated by the genera Thalassionema and
Thalassiothrix. This group is the major diatom compo-
nent in Holocene sediment that underlies the Peru-Chile
Current (Burckle, personal communication). The abun-
dance of this group in upper Miocene sediment may im-
ply significant upwelling and productivity during the
late Miocene. A summary of the diatom biostratigraphy
is shown in Figures 15 and 18. Here, we define only the
epoch boundaries at Site 503. A detailed study of the
diatom biostratigraphy, including the location of species
datums and zonal boundaries in Holes 503A and 5O3B,
is given in Sancetta (this volume).
The Pliocene/Pleistocene boundary as defined by
Burckle (1977) occurs between the last appearance of
Rhizosolenia praebergonii Samples (503A-7-3, 48 cm
and 503B-7-2, 40 cm) and the first occurrence of Pseu-
doeunotia doliolus (503A-9-2, 102 cm and 5O3B-1O-1,40
cm). The Miocene/Pliocene boundary as defined by Bur-
ckle (1978) coincides with the last appearance of Thalas-
siosira miocenica (Sample 5O3A-33,CC). Slight but con-
sistent reworking (10% of stratigraphically useful spe-
cies) appears in the lower Pleistocene, and significant re-
working (up to 80% of stratigraphic markers) appears
in the lowermost Pliocene (Cores 503A-30 and 5O3A-31).
The reworked flora in both intervals is composed of late
Miocene species.
Radiolarians
Radiolarians are well preserved and common through-
out the sediment from Holes 5O3A and 5O3B but are less
common and somewhat corroded in some samples from
Cores 503A-4 to 503A-9 and 503B-6 to 5O3B-1O. Re-
working of Miocene radiolarians occurs in Cores 5O3A-
1 through 503A-29 and 5O3B-1 through 5O3B-13. The
amount of reworking is generally small but approaches
20% in samples from Cores 503A-4, 5, 7, 10, and 11 and
5O3B-3, 6, and 7. Reworked faunas represent more than
50% of the assemblage in Cores 503A-7, 9, and 5O3B-8.
A summary of the radiolarian biostratigraphy is
shown in Figures 15 and 18. Here, we present only the
epoch boundaries at Site 503. A detailed summary of
the Neogene radiolarian biostratigraphy, including the
specific location of radiolarian events and zones, is giv-
en in Riedel and Westberg (this volume).
The top of the Pterocanium prismatium Zone, which
is considered to be approximately the Pliocene/Pleisto-
cene boundary, is placed between Core Samples 5O3A-
7-2, 50-54 cm, and 5O3A-7-3, 50-54 cm. This boundary
occurs in the same interval in Hole 503 B. The Pliocene
P. prismatium Zone occurs between Samples 5O3A-13-3,
50-54 cm and 503A-7-3, 50-54 cm in Hole 503 A and be-
tween 503B-14-2, 50-54 cm and 503B-7-3, 50-54 cm in
Hole 5O3B. The Pliocene Spongaster pentas Zone oc-
curs between Samples 5O3A-31-2, 50-54 cm and 15-2,
66-70 cm in Hole 5O3A and from the base of Hole 5O3B
to Sample 503B-14-2, 50-54 cm.
We place the Miocene/Pliocene boundary near the
evolutionary transition from S. berminghami to S. pen-
tas that takes place between Samples 5O3A-31-3, 50-54
cm and 503A-34-2, 50-54 cm. Hole 5O3A penetrated the
late Miocene Didymocyrtis penultima Zone (Samples
503A-44-3, 50-54 cm to 503A-34-2, 50-54 cm) and
reached the top of the D. antepenultimus Zone (Samples
503A-54-3, 52-55 cm to 503A-48-2, 50-54 cm).
PALEOMAGNETISM
The paleomagnetic measurements at Site 503 fol-
lowed the procedure described in the paleomagnetics
discussion of the Site 502 chapter (this volume). Each
core was measured with the long-core spinner magne-
tometer at 10-cm intervals, and one or more discrete
samples were taken from each 1.5-meter section for mea-
surement on the small-sample spinner magnetometer.
We encountered several problems at Site 503 that
degraded the quality of the magnetic data. The most
serious problem is the presence of rust scale from the
drill pipe. The dark scales of rust are concentrated at the
top of each core but also are smeared inside the liner to
several meters depth even in otherwise undisturbed por-
tions of the core. The rust scale is highly magnetic and
consequently, when present, obscures the magnetic prop-
erties of the sediment.
The rust scale is a serious problem in Hole 5O3A but
less so in Hole 5O3B. Site 503 was deeper than 502, and
drill pipe was deployed that had not been used for sev-
eral months. The relative contribution of the rust con-
tamination to the magnetic measurements is accentu-
ated at Site 503 because of remanent intensities of about
40 (10 ~5) emu. Generally, long-core magnetic data from
at least the topmost 1.5-meter section of most cores
could not be used because of the high noise level.
In contrast to these difficulties, various modifica-
tions to the corer between Sites 502 and 503 greatly im-
proved core-to-core orientation. There was also greater
attention to handling cores on deck to minimize relative
rotation between core sections as well as disturbance of
this less cohesive sediment. These improvements in part
offset the problem of the rust scale, particularly in Hole
5O3B. The combination of long-core and discrete sam-
ple measurements allows us to recognize the gross fea-
tures of magnetostratigraphy to the middle of the Gil-
bert Chron, approximately the top 100 meters of the
section. Sediment magnetism below approximately 130
meters sub-bottom (near the Miocene/Pliocene bound-
ary) becomes very weak and difficult to measure.
The depths of the magnetic reversals in the two holes
are given in Table 5 and plotted with respect to the
geomagnetic polarity reversal timescale (modified from
Mankinen and Dalrymple, 1979) in Figure 16. We ten-
tatively identify most of the recognized paleomagnetic
chrons and subchrons to the Gauss Chron. We empha-
size that many of the boundaries are based on discrete
samples spaced 0.5 meter or more apart. Core recovery
is poor in the Gilbert Chron, and we have not been able
to refine the level of reversal boundaries in this interval.
Magnetization of sediment below about 130 meters is so
weak as to make the determination of a polarity stratig-
raphy for the upper Miocene section almost impossible.
ACCUMULATION RATES
We used 12 horizons to generate sedimentation rate
and accumulation rate data for Site 503 (Table 6). These
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Table 5. Location in each hole and the sub-bottom depths of the

































































 The paleomagnetic record is not definitive at these levels.
b
 Selection of this level assumes correct orientation between Cores 503B-7 and 503B-8.
horizons represent the eight best magnetostratigraphic
boundaries, the three best-dated biostratigraphic datum
levels, and an assumed zero age for the sediment/water
interface. The age and thickness of the 11 time intervals
bounded by these horizons is given in Table 6. The thick-
ness of each interval was computed in holes that contain
the inclusive age boundaries so that differences in sub-
bottom depth between holes are eliminated.
A sedimentation rate for each interval was calculated
from the age versus depth relationship. Sedimentation
rate is a function of both sediment influx at the time
of deposition and postdepositional compaction, so bulk
accumulation rates were calculated in order to remove
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* ages corrected for latest decay constant
Figure 16. Age versus sub-bottom depth for magnetostratigraphic boundaries at Site 503.
179
SITE 503
Table 6. Measured and calculated parameters used to determine sedimentation and accumulation rates.
Time Interval
1. 0 to Brunhes/Matuyama
2. Brunhes/Matuyama to
bottom of Jaramillo
3. Bottom of Jaramillo to
top of Olduvai




6. Top of Kaena to
bottom of Mammoth




9. Top of Cochiti to
LAD T. miocenica
10. LAD T. miocenica to
LAD T. praeconvexa

































































































































































































* Depths for each time interval for Holes 5O3A and 5O3B.
" Mean thickness computed using boundaries of a time interval recovered in either hole.
c
 Wet bulk density from GRAPE data.
d




 Bulk accumulation rate = sedimentation rate × δ j .
* Accumulation rate of carbonate = bulk accumulation rate × % carbonate; non-carbonate rate = bulk - carbonate rate.
LAD = last occurrence datum
FAD = first occurrence datum
lation rate provides a better approximation of sediment
influx rate, particularly in older, more compacted sedi-
ment (van Andel and others, 1975).
Sedimentation rates at Site 503 range from 1.0 to 6.0
cm/k.y., with an average of 2.9 cm/k.y. We found the
highest sedimentation rates in the upper Miocene and
lower Pliocene sections and the lowest rates in the Pleis-
tocene sequence. A short interval in the mid-Pliocene is
characterized by low sedimentation rates. Because only
slight changes in age or thickness will result in variations
of the same order of magnitude, fluctuations about this
trend may be due to the resolution of the time scale.
The wet-bulk density (GRAPE) and water content
data were used to calculate bulk accumulation rates for
each time interval used in the sedimentation rate curve
(Table 6). Trends in bulk accumulation rates (Fig. 17)
decrease throughout the section, with highest values in
the upper Miocene and a sharp decrease in the mid-Plio-
cene similar to the trend of sedimentation rates. The de-
crease in rates is consistent with the trends for the equa-
torial Pacific (van Andel and others, 1975) and may be
due to several factors, including reduction of sediment
influx from terrigenous sources, decreased biogenic pro-
ductivity, and reduced carbonate preservation. In order
to distinguish among these components the carbonate
and noncarbonate accumulation rates were calculated
from bulk density and average carbonate content (Table
6 and Fig. 16). Carbonate accumulation rates decrease
through the section, with highest rates in the upper Mio-
cene and lower Pliocene interval (>4 m.y.) and lowest
in the Pleistocene sequence. The trend is consistent with
the equatorial Pacific pattern shown by van Andel and
others (1975). The mid-Pliocene and Quaternary (4 Ma
to Holocene) are characterized by a uniformly low car-
bonate accumulation rate, with values less than 1.0
g/cm2/k.y. The decrease in carbonate accumulation rates
in this interval may reflect the deepening of the site as
the plate moved from the spreading center.
Noncarbonate accumulation rates also decrease
throughout the section. The decrease in noncarbonate
rates throughout the equatorial Pacific (van Andel and
others, 1975) may be due to a reduction in the siliceous
biogenic component (see Sancetta, this volume) rather
than to a reduction in the influx of terrigenous material
(see Rea, this volume).
SUMMARY AND CONCLUSIONS
Our objective at Site 503 was to recover an undis-
turbed, complete upper Neogene and Quaternary sec-
tion using the Hydraulic Piston Corer (HPC). Our ma-
jor objective was met by coring two holes to a total
depth of 235.0 meters sub-bottom, and we recovered a
reasonably complete section that represents approxi-
mately the past 8 m.y. We recovered 58.8% of the cored
interval in Hole 503A and 83.5% in Hole 5O3B, with
about 81% and 86%, respectively, of the sediment un-
disturbed. After modifications to the core catcher and
shear pins, the HPC performed well. The value of the
HPC in obtaining undisturbed sediment can be appreci-
ated when Site 503 is compared to Site 83 (see Frontis-
piece, this volume). A summary of recovery, lithology,
Paleomagnetism, biostratigraphy, and bulk accumula-
tion rate is given in Figure 18.
Hays et al. (1972) indicated that Site 83 was on the
east flank of the East Pacific Rise. However, total field
magnetometer data recorded on our approach to and
departure from Site 503 indicate that both Site 503 and







Figure 17. Plots of bulk, carbonate, and noncarbonate accumulation rates (g/cm2/103y.) versus time for
Site 503. The data points are midpoints of each time interval from Table 6.
Ridge, not the east flank of East Pacific Rise (see Gard-
ner^ Underway Geophysics, this volume).
The section at Site 503 is rather uniform and is com-
posed of pelagic sediment with only minor composition-
al changes. Cycles of carbonate and color changes are
apparent throughout the entire section, with periodici-
ties on the order of 40 k.y. per cycle. Curiously, very lit-
tle volcanic glass and no zeolites were found. The sedi-
ment changes from an oxidized to a reduced oxidation
state at 8.45 meters and is reduced throughout the re-
mainder of the section. The lack of sediment distur-
bance is illustrated by open burrows that occur from 9.3
to 64.0 meters sub-bottom. Nodules formed of rhodo-
chrosite around burrows occur from 13.5 to 235 meters
and are common from 13.5 to 50 meters. Clay content
remains fairly constant at low percentages from 0 to 226
meters but then abruptly increases to greater than 25%.
This increase occurs within 10 meters of the oceanic
basement and may be caused by an increase of clay pro-
duced by seafloor weathering of the basement.
Detailed measurements of shear strength, sonic ve-
locity, bulk density, water content, porosity, and cohe-
sion show that the entire section is undercompacted.
Shear strengths average about 400 g/cm2 from 15 to
about 210 meters. Although similar values were obtained
at 25 meters depth at Site 502, they increased with
depth. The maximum value of shear strength at Site 503
is only 1686 g/cm2 and occurred below 210 meters.
Porosities are approximately 90%, and water contents
are about 80% down to a depth of 210 meters. Sonic
velocities average 1.510 km/s down to a depth of 210
meters. The change in all physical properties at about
210 meters may indicate a "collapse" of the section at
this level. One explanation may be that the siliceous
microfossils, especially radiolarians, hold the sediment
in a highly porous state until some threshold lithostatic
load is applied. The section collapsed at loads above the
threshold and became less porous, which results in higher
velocities and shear strengths and lower water contents.
The sediment contains microfossil assemblages that
range in age from Quaternary through the latter part of
the late Miocene. Calcareous and siliceous microfossils
are sufficiently numerous and well preserved for detailed
stratigraphic interpretation. Cyclic zones of carbonate
dissolution appear to occur throughout the sequence.
Reworked assemblages of nannofossils and a monospe-
cific diatom assemblage appears in the late Miocene.
Radiolarians and diatoms are poorly preserved in Qua-
ternary sediment, but preservation is good in the Ter-
tiary section.
We were able to identify most magnetostratigráphic
chrons and subchróns above the Gauss/Gilbert bound-
ary, even though rust contamination was a serious prob-
lem, especially in Hole 5O3A. Most magnetostratigráph-
ic datums are located to the nearest meter, because
discrete sample measurements were needed to avoid rust
contamination. We observed distinct cycles of NRM in-
tensity with wavelengths comparable to the carbonate
cycles. This covariance implies a direct correlation of in-
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Figure 18. Summary of the recovery, lithostratigraphy, magnetostratigraphy, biostratigraphy, and sediment accumulation rates for Site 503.
SITE 503
obscures many of paleomagnetic trends, but a decrease
in the NRM intensity does occur during the lower Gil-
bert Chron.
Bulk accumulation rates at Site 503 steadily decrease
from late Miocene (4.0 g/cmVk.y.) to late Quaternary
(1.2 g/cm2/k.y.) with a distinct interval of low ac-
cumulation rates (1.2-1.6 g/cm2/k.y.) in the mid-Plio-
cene. The rate of both carbonate and noncarbonate ac-
cumulation mimics the trend of bulk accumulation, and
noncarbonate components (silica and clay) generally re-
flect the carbonate pattern.
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APPENDIX
Table 3. Smear slide summary of major and minor lithologies for Site 503. The estimates are qualitative, using < 5 % estimate = rare, 5-25%
= common, 25-75% = abundant, and > 7 5 % = dominent.

















































































































































































< 5 % RARE
5-25% COMMON
SMEAR SLIDE SUMMARY: Dominant Lithology
 M n , p 503A
 2 5
"
7 5 % A B U N D A N T






SMEAR SLIDE SUMMARY: Dominant Lithology wni P 503A 25"75% A B U N D A N T






SMEAR SLIDE SUMMARY: Minor Lithology







SMEAR SLIDE SUMMARY: Dominant Lithology










SMEAR SLIDE SUMMARY: Minor Lithology H Π I F 503B 2 5 " 7 5 % A B U N D A N T
M U L t
 >75% DOMINANT

















































































































































Cyclic alternation of IRON OXIDE-BEARING SILICEOUS NANNO
10YR 5/4 MARL, which is dark reddish brown (5YR 2.5/2) in color; CALCARE•
H)YR 6/4 0 U S C I - A Y • w π i c h i s d a r k VβHowis" brown (10YR 4/4) in color; and
— SILICEOUS CALCAREOUS MARL, which is light yellowish brown
(10YR 6/4) in color. Burrowing and mottling is abundant. The sedi-
ment types alternate dowπcore with common gradation between
5YR 2.5/2 endtypes in color and composition.
SMEAR SLIDE SUMMARY
1-42 1-80 2-75 3-100
D D D D
Pyrite - - 1/T -
Clay minerals 25/A 15/C 67/A 49/A
Volcanic glass (It) - 15/C -
Zeolites 1/T
Microπodules 10/C
Carbonate unspec. 5/C 10/C 2/R 5/C
10YR4/4 Foraminifers 15/C 5/C - 5/C
Calcareous nannofossils 25/A 5/C 5/C 15/C
Diatoms 10/C 10/C 10/C 10/C
Radiolarians 5/C 5/C 5/C 57C




5YR 3/4 Chlorite &
-10YR5/6 Kaolinite 36%
_ 5 Y R 3 / 4 CARBON-CARBONATE: 1,CC
% Carbonate 39


























Df CALCAREOUS-BEARING SILICEOUS OOZE ranging in
Dm dark reddish brown































n - 7 4 %















: m - 3 1 %
:m - 34%
CLAY MINERALOGY (<2µm): 1-71 c
CARBON-CARBONATE: 1.CC
SITE 503 HOLE A CORE (HPC) 2 CORED INTERVAL 1.8-6.2 m SITE 503 HOLE A CORE (HPC) 3 CORED INTERVAL 6.2-10.6 m
0 0
LITHOLOGIC DESCRIPTION
: Graphic lithology represents avera
• slides and does not reflect the del
:ional changes between sme
tual lithologic trends. Color
Cycle alternation of CALCAREOUS AND MICRONODULE•BEARING
SILICEOUS OOZE, which is dark grayish brown (10YR 3/2) in color,
and SILICEOUS MARL, which is white (5Y 8/2) and light olive gray
(5Y 6/2) in color. Gradations between endtypes in color and composi•



































































- 3 6 %
»53%
- 6 3 %
- 56%
- 5 3 %
- 6 1 %
























- 3 9 %
- 50%
= 48%
- 4 6 %
- 4 0 %
n - 42%












;red. (Biostratigraphy based upon mud streaked c
CARBON-CARBONATE: 3, CC
% Carbonate 57
% Organic carbon 0.2
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Cyclic alternation of NANNO RADIOLARIAN OOZE, which is dark
greenish gray (5G 6/1 and 5G 5/1) in color, and SILICEOUS MARL,
which is light greenish gray (5G 8/1) in color. The sediment is burrowed
and mottled with some areas of pyrite enrichment (Smear Slide 2-100
5G6/1 and 3-31).
& SMEAR SLIDE SUMMARY
5G 5/1 1-60 2-100 3-20 3-31
D M D M
— Pvrite 10/C 1/T 10/C
Clay minerals 30/A 20/C 21/C 22/C
Volcanic glass (It) 5/C 3/R 4/R -
Carbonate uπspec. 8/C 15/C 20/C 10/C
Foraminifers 2/R 3/R 10/C 3/R
Calcareous nannofossils 20/C 7/C 15/C 20/C
Diatoms 5/C 5/C 10/C 10/C
Radiolarians 30/A 20/C 15/C 20/C
Sponge spicules — 2/R - -
Fish debris - 5/C - 5/C
CARBONATE BOMB:
1-19 c m - 3 9 % 2-99 cm = 1 7 % 3-49 cm = 37%
5G4/1 1-29 c m - 4 5 % 2-109 c m - 4 0 % 3-59 cm = 27%
& 1-39 cm = 49% 2-119 c m - 4 5 % 3-69 cm = 48%
5G6/1 1-49 cm = 37% 2-129 cm = 39% 3-79 cm = 63%
~ 1-59 cm = 20% 2-139 cm = 4 1 % 3-89 cm - 65%
1-69cm = 28% 2 - 1 4 9 c m - 5 6 % 3 - 1 1 9 c m - 6 2 %
2-29 c m - 2 9 % 3-9 cm = 67% 3-129 cm = 57%
2-39 cm = 32% 3-19cm = 62% 3-139 cm = 54%
2-49 cm = 2 1 % 3-29cm = 5 1 % 3-149 cm = 62%
_ 6G 3/1 2-59 cm = 17% 3-39 cm = 35%
5 G 4 / 1 , CLAY MINERALOGY ( < 2 µ m ) : 2-121 cm
5G 6/1,8, Smectite 93%
5G 8/1
 C m o r i , e &
Kaolinite 7%
5 G 8 / 1
 CARBON-CARBONATE: 4, CC
~ 6 G 2 / 1 t o % Carbonate 50







 H 0 L E A CORE (HPC) 5 CORED INTERVAL 15.0-19.4 m SITE 503 HOLE A CORE (HPC) 7 CORED INTERVAL 23.8-28.2 m GO
)S, T i T FOSSIL 1 T FOSSIL H
C5 * £ CHARACTER * £ CHARACTER t f l
g 5 u | « | c | 1
 2 „ g 2 » | «; 1 g I I z </> ,. I Λ
T ^ | § l i l „ ° ë 5 1 ^HoloGY ] H LITHOLOβlC DESCRIPTION ? | | g | § | ^ 1 _ P | L S S I S S G V „ | | | „ LITHOLOGIC DEiCRIPTION
l D fN I 1 H ° i * ^ t i l l i i 3 f e N I i ^ I § | 8 ^ 3 i i | I
- I 1 1 1 1 ü f i l l I "~ I 1 1 1 i si i i i l s
u> £rvtr- ~> _ i _ " - r - - C Λ J L O Cyclic alternation of SILICEOUS MARL, light greenish gray (5G 8/1),
--_r_-_-: - f l - . • 5G8/1 Cyclic alternation of SILICEOUS MARL, which is light greenish gray - _ _ _ = Q _ | _ Q in color, and CALCAREOUS-BEARING SILICEOUS OOZE, olive (5Y
-Hhrt: O"l- ' 5 G 8 / " i n c o l o r • a n d C A L C A R E O U S SILICEOUS OOZE, which is - ~JTjT. ^ : j _ . O 4/3) and light olive gray (5Y 6/2) in color. Gradations between the end-
_ Tir~s~— J~ | — 1 — dark greenish gray (5G 4/1) in color. Gradations between endmembers _ —J~— z ^ • , —*— x types in color and composition are common. Beds enriched in pyrite,
CM F P _ — _ - _ " : K . - L . in color and composition are common. Mottling and burrowing are F G
 o g _ - _ - T ^ _ -
1
- O grayish black (N2) in color, are at 0-3 cm in Section 2 and 73-76 cm
çc r z H M ^ «L_ * common. Black (N2) burrows and rones enriched in pyrite arecommon. FM CM • ---^r~^^-L^ Q in Section 3, A large mottle with concentric millimeter rings enriched
| " ü - I -C - =( •*"_!_ * * 5G4/1 β" ~~-~---rλ•H I O in pyrite is at 72-90 cm in Section 2. The sediment is highly mottled
| 1 " ^ H r - 3 "v- i — , - - - SMEAR SLIDE SUMMARY 3 1 § β n d b u r r o w β d •
• --~-~-~- " j • - I - 5BG7/2 1 " 5 6 1 9 β 2 " 3 0 M 3 2 7
"* - U-I-_r{-^ J _ J " _ D M D D M - VOID SMEAR SLIDE SUMMARY
_ : — - _ - J - ,-A. ^ 5G2/1 Pyrite 2/R 15/C - - 30/A 2-113 3-40 3^5




 " l - ~ . - > • J - j , - – _5Y5/1 Volcanic glass (It) 1/T - - - 2/R 5 3" " ^ F r n Clay minerals 27/A 30/A 17/C
- a ~ ~ H : = ( - • - 5Y6/2 Carbonate unspec. 15/C 20/C 20/C 30/A 10/C § N " > _ - _ - " v - J _ . ^ - Volcanic glass (It) 3/R -
H& -h^HJ^jJ*" — - Foraminifers B/C 2/R 5/C - 4/R K B - ->"-£ !=•= j_-«- J t Volcanic glass (dk) - - 4/R
1 8 - _"_-_-_- _ ' L -
L
 5G6/1 Calcareous nannofossils 10/C 15/C 20/C 4/R 1 ^ .-_£_-_ =Q= _1_ Carbonate unspec. 10/C 10/C 30/A
- – f • è 5 •-"-I-C? • 1 - Diatoms 10/C 10/C 10/C 16/C 10/C 5 ~ J T = = - l _ " ~ N2 Foraminifers 8/C 2/R 3/R
| f " - 1-1-5 O -L. - – - Radiolarians 15/C 3/R 10/C 20/C 20/C " _ --_"_: _ri_ J - • _ Calcareous nannofossils 25/A 5/C 6/C
S= "Sirzr —>. —*—_,_
 5 G 8 / 1 Sponge spicules 2/R . H H r ^ - t - - 5G 7/1 Diatoms 10/C 20/C 16/C
S',1 " - I - X ^ ' - 1 — Fish debris 2/R - g . =^=-F^~1 — " – Radiolarians 10/C 20/C 20/C
F M - - I - I - I - =C-L. * Silicoflagellates 5/C - 5/C 5/C 3/R jri _ - ^ V O J D _ Sponge spicules 5/C 5/C 1/T
£ - - ~ - ~ - " O_ _ ! _ - * - - – - Carbonaceous material 5/C „ . - • • | ' - ^ VOID Silicoflagellates 2/R 8/C 4/R
1 ~ H ~ JS-1- , * " 5 G 6 / 1 CARBONATE BOMB: - - " _ - ^ 3 > C - ! - " ! " . - - ~ CARBONATE BOMB:
£• | "-I-I-I-[>α. 1-9 cm-77% 1-139cm-37% 2-119 cm = 46%
 fe - - ^-I~I Λ • - -
 5 G
 1-19 cm = 43% 2-139 cm = 35%
E I 2 - H I — =(_!_""" - – - 1-19 cm-78% 1-149 cm-47% 2-129 cm-32% E | ^ 2 - . ~ • u - . J - ~N2rinαson 1-49 cm-38% 3-19 cm = 20%
S | - : - _ - _ " n _ -J-
 6 G 8 / 1 1-29 cm-69% 2-9cm-36% 2-139cm=18% S | | - f-~_-_ = = j _ • 9 1-139cm = 31% 3-49cm-7%
1 °•
 R P - - I - I - : - ^ _L - - 1-39 cm-49% 2-19 cm-63% 2-149 cm-22% = | j - ^  O - i - " ~ 2-19 cm = 63% 3-79 cm - 30%
° - ~~-I-I-r•C• -L 1-49 cm-54% 2-29 cm = 67% 3-9 cm =13% t i t _ _-_-j _ _ J- -
 5 G 7 / 1 2-49 cm - 49% 3-109 cm = 14%
- - >_---! >-r- - I -
 5 Q 6 / , 1-59 cm = 35% 2-39 cm = 61% 3-19 cm =16% S _ : - _ _ " l _ . _ 2-79 cm - 45% 3-139 cm-19%
ü Z- I - I - = C l - . 1-69 cm = 30% 2-49 cm = 54% 3-29 cm - 33% 1
 B - - _ - - ^ – _ l _ . 2-109 cm-43%
1 CM " - I - I - I L > 1 _ - – - 1-79 cm = 47% 2-59 cm - 45% 3-39 cm = 57% ™ % " ! " " - _ : r = j l °G S /
I -h~ . - r , -» • 1-89 cm = 62% 2-69 cm = 46% 3-49 cm = 51% •i " r l I - O •1- . • _ CARBON-CARBONATE: 7, CC
•* - - - - - - - - < - C " - 1 - 5G4/1 1-99 cm-68% 2-79 cm 62% 3-59 cm-29% „ " IHH : = = 1_ . B G 6 / 1 % Carbonate 40
— P. Hrr-ld-LJ. 1-109 cm-65% 2-89 cm = 62% 3-69 cm = 56% 3 ™ - - ~ - _r\. . - 1 - to % Organic carbon 0.3
2 __-_-_-T ~ ^ 1 - * 1•119cm-59% 2-99cm = 62% 3-79 cm = 62% ~ " _ - ~ - ^ - ~V _ 1 _ ' 5 ^ _ 5Y 4/1
~ £HHI ^ " * " 1-129 cm = 54% 2-109 cm = 47% § ErEH: = = J ~ I '
" I-I-2- ^ - L = rN2 f— - I - I - ~^~i- i 5Y 6/2,
- r-_T-^ O_ ~_L CLAY MINERALOGY (<2µml: 2-71 cm : ; 5 ~\r- - - i-i 5Y 4/3
- -I-I-I- "O - j . 5 G 6 / 1 & S m e c t i t θ 9 6 % 1 1 R M FM - b - I - a < > L r • . * N2,and
I CM FM _ r-2-Z-i ; ^ – - _ , _ _5G8/1 Chlorite & | | RP y - H H ^ a J L * ^ 5G 4/1
3 3 - - I - I r 2 V j r " —_i 5G4/1 Kaolinite 4% J8 ^ _ - - - _ ^ L.
j : " r lHrp y-C" ~-L 5G8/1 CARBON-CARBONATE: 5, CC * ü 3 " ZT--£. = = * - j _ = N2
»" _ % Organic carbon 0.4 - ryj? 2 ^ _->-_ 5 Y β / 2
VOID _ _ : _~X"-J-" «o ~6Y4/3,
" -=—1 rr— n " f ™ - - I - ~ - I = s . " 1 - N2,and
CP FP FM g CC " -I-I-_^ V-~J1- O 6 G 6 / 1 § ' -I-I- ~^~ ~ I *
SITE 503 HOLE A CORE (HPC) 6 CORED INTERVAL 19.4-23.8 m °" F p " ^ Cc[ [ i l - ^ j F , 5 ^ • ~l I | f~5Y6/2andN2
- FOSSIL ™
J CHARACTER I I I I , I I ^ I
% 2 - l - l s l 1
 z
 «
T i P l ^ i I _ P r
 LfTHOPLθ§Y ^ < S L.THOLOGIC DESCRIPTION SITE 503 HOLE A CORE (HPC) 8 CORED INTERVAL 28.2-32.6 m
a= « N I * 5 ! t i » 5 i l l ? IS - FOSSIL
! j ; < ! S 0 J 1 " ^ S E M Ö I E CHARACTER
" I £ 11 i ll iül i 1 1 -hig 1 1 z "
t l ^ ~ ^ ~ Z -"-I =T<>VF1- " ~ ~ Ti p i I I 1 , 1 I S S v -111 LITHOLOGiCDESCR.PTiON
t ' ^ "-*—~-—^—^ '—J No core recovered. A residue of sediment found in the Core-Catcher P w ^ z 5 t ~ ' ' l ~ ^ H - ^ S
2 - ' £ was used for biostratigraphy. I S l S s I l § δ S S S
g | - _-I--I_ΛJJ- — ~ "
» ^ ^ CARBON-CARBONATE: 6, CC >. FP B CC - -~-~ Λ I ^ I I ~*~
1 l i % Carbonate 51 I I _ l H-J' 1 -L-l | No core recovered. (Biostratigraphy based upon sediment streaked on
O g % Organic carbon 0.3 S _ C the core liner.)£ I ft
2"S CARBON-CARBONATE: 8, CC
_ I S_ % Carbonate 6
• ~ | ü E % Organic carbon 0.4
^ Note: Graphic lithology represents average composition derived from c |
^ smear slides and does not reflect the detailed alternation of sediment « '
S types. Gradational changes between smear slides are arbitrary and do µ |
logic changes. | ^ ^




Cycles of CALCAREOUS BEARING SILICEOUS OOZE ranging in
color from greenish black (5GY 2/1) to grayish green (5G 5/2). Grada-
highly mottled. A zoophycus is at 103-105 cm in Section 1. A car-
bonate nodule (light gray [2.5Y 7/2]), which is formed around a
burrow is at 70 cm in Section 2.
SMEAR SLIDE SUMMARY
Volcanic glass (dk>
1-4 1-90 2-14 2-75
M D M D
10/C 2/R
- - - I/T
10/C 35/A 33/A 62/A
3/R 2/R 5/C




















































% Organic carbon 0.2








Cyclic alternation of SILICEOUS-BEARING MARL, which
green (5G 6/2) in color, and SILICEOUS MARL, which is di
70 and 103 cm in Section 2 are highly burrowed. Beds of pyri
meπt, grayish black (N2) in color, are at 114-117 cm in Sect
























1 -49 cm =• 46%
1-79 cm = 43%

































































































































CORED INTERVAL 41.4-45.8 m
GRAPHIC
LITHOLOGY


















































































































Cycles of SILICEOUS MARL, ranging in co or from light greenish gray
(5G 8/1) to dark greenish gray (5G 4/1) in color. Gradations between
greenish black (5G 2/1). Pyritized burrows are common. The interval
5G 7/1 from 113-132 cm in Section 2 shows faint light colored (1 mm)





5G 7/1 D D M
to Pyrite - ~ 2/R
5G 6/1 Clay minerals 39/A 34/A 23/C
Volcanic glass (It) 1/T -
Volcanic glass (dk) - 1/T -
_ Carbonate unspec. 20/C 15/C 15/C
5G4/1 Foraminifers - 5/C 15/C
Calcareous nannofossils 10/C 15/C 15/C
~ Diatoms 15/C 15/C 10/C
5G6/1 Radiolarians 15/C 10/C 10/C
t 0 Sponge spicules - 5/C 5/C
5G4/1 Silicoflagellates - - 5/C
at base
CARBONATE BOMB:
1-19 cm = 46% 2-79 cm = 35%
1-49 cm = 35% 2-109 cm =43%
1-79 cm = 38% 2-139 c m ' 6 3 %
5G6/1 1-109 cm = 41% 3-19 cm = 60%
1-139 cm = 31% 3-49 cm = 42%
2-19 cm = 31% 3-79 cm = 66%
2-49cm = 30% 3•109cm = 69%
5G 4/1 and
_ 5 G 2 / 1 CARBON-CARBONATE: 11.CC
% Carbonate 31








































































































































































































Cyclic alternations of CALCAREOUS" SILICEOUS OOZE, which is
greenish gray (5G 6/1) and dark greenish gray (5G 4/1) in color, and
CALCAREOUS-BEARING SILICEOUS OOZE, which is greenish black
5G 4/1 (5G 2/1) to dark greenish gray in color. Gradations between endtypes
to in color and composition are common. Burrows and color mottling are
5G 2/1 common. A thin gray (N7) bed at 95-96 cm shows plastic deforma-
tion. The greenish black (5G 2/1) sediment commonly shows enrich-
ment in pyrite. Carbonate nodules, light gray (2.5Y 7/2) in color and
formed around burrows, are at 35-42 and 141-144 cm in Section 1
and 122—125 cm in Section 2.
5G 6/1 SMEAR SLIDE SUMMARY
and 5G 4/1 1-110 3-10
D D
Other heavy minerals 1/T
Clay minerals 27/A 35/A
Volcanic glass (dk) 5/C 5/C
~ Carbonate unspec. 15/C 15/C
5G4/1 Foraminifers 2/R -
Calcareous nannofossils 10/C 5/C
Diatoms 15/C 16/C
- Radiolarians 15/C 15/C
5G6/1 Sponge spicules 5/C 5/C
and Silicoflagellates 5/C 5/C
5G8/1
CARBONATE BOMB:
~ 1-49 c m - 1 2 % 2-79cm = 30%
5G2/1 1-79 cm = 24% 2-109 cm =15%
and 1-109 cm =19% 2-139 c m - 2 0 %
5G4/1 1-139 c m - 1 6 % 3-19 cm = 6%
2 - l 9 c m = 1 1 % 3-49cm-38%
— 2-49 cm = 22% 3-79 cm = 27%
5G6/1
CLAY MINERALOGY ( < 2 µ m l : 2 73 cm
5G 4/1 to Kaolinite 5%
5G8/1
_ CARBON-CARBONATE: 12, CC
5G 6/1 % c•""b°"«e 50


















































































































































































Cycles of CALCAREOUS SILICEOUS OOZE,
ish gray (5G 4/1) to ligh
between the endtypes of

















1-109 cm « 46%
1-139 cm « 19%
2-19 c m - 21%
2-49 cm = 30%
2-79 cm - 39%


































































ranging from dark green-
/ l ) in color. Gradations
Burrowing and mottling


































































































































































































g Cycles of CALCAREOUS SILICEOUS OOZE, which is light greenish
E gray (5G 8/1) in color, and CALCAREOUSBEARING SILICEOUS
E OOZE, which is greenish gray (5G 5/1) in color. Gradations between
β
 5GY 5/1 endtypes in color and composition are common. The first section is
° highly disturbed. Burrowing and mottling are common as are zones
j° and burrows enriched in pyrite. A carbonate nodule is at 70 cm in
^ Section 1, which is probably downhole contamination. A zoophycus is
% at 30 cm in Section 3.
5G4/1,
5 G 2 / 1
 SMEAR SLIDE SUMMARY
— 2-100 3-40
D D
5 G 8 / 1
• Pyrite - 1/T
N7, and Clav minerals 35/A 33/A
N 6
 Volcanic glass (dk) - 1/T
Carbonate unspec. 10/C 5/C
Foraminifers 2/R
6 G 7 / 1
- Calcareous nannofossils 15/C 5/C
—
 N 4
 Diatoms 15/C 20/C
Radiolarians 15/C 20/C
' Sponge spicules 2/R 10/C
_
N 4





_ 2-19 c m - 4 3 % 2-139 cm = 25%
2-49 cm = 33% 3-19 cm - 23%
5G B/1
 2 ? 9 c m _ 3 6 % 3 4 9 c m = 2 0 %
5 G β
" 2-109 cm = 48% 3-79 cm =17%
5 G 4 / 1
• CARBON-CARBONATE: 14, CC
N6
 % C a r h o n a t e 36
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Cycles of CALCAREOUS SILICEOUS OOZE
(5GY 6/1) in color, an
(5G 4/2) in color. Grada
tion are common. Mott
burrows showing enrichn
black (5G 3/1) in color
[2.5Y7/21I formed arou




















2-79 cm = 44%
2-109 cm = 41%





















3-19 cm = 51







which is greenish gray
which is grayish olive
s in coior and composi-
e common. Zones and

















ate nodules (light gray













SITE 503 HOLE A
 CORE (HPC) 16 CORED INTERVAL 63.4-67.8 m
LITHOLOGIC DESCRIPTION
Cycles of SILICEOUS NANNO MARL, ranging from dark gre
(5GY 4/1) to greenish gray (5G 6/1, 5GY 6/1) in color.
in color. The sediment is burrowed and mottled in the less

































Graphic lithology represents average comp•
slides and does not reflect the detailed alti
SITE 503 HOLE A CORE (HPC) 1 7 CORED INTERVAL 67.8-72.2 m
LITHOLOGIC DESCRIPTION





















































































































Note: Graphic lithology re|
types. Gradational changes
not imply actual lithologic
•eflect the detailed I
Cycles of SILICEOUS-BEARING NANNO MARL ranging in color froi
light greenish gray (5G 8/1) to dark greenish gray (5G 4/1). Are<
















1 -79 cm = 42%
1-109 cm = 37%
1 139 cm = 35%
17/C
_



















CLAY MINERALOGY (<2µm): 2-71
 (
CARBON-CARBONATE: 19, CC 19, CC
% Carbonate 31 32
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Cyclic alternations of SIL CEOUS MARL, which is greenish black (5G
2/1) and very dark greenish gray (5G 3/1) in color, and SILICEOUS
5G 4/1 NANNO OOZE, which is light yellowish gray in color. Gradations
between endtypes in color and composition are common. Sediments
are mostly uniform, i.e. few burrows or mottles. A zone of pyrite
— enirchment is at 70-72 cm in Section 2. A carbonate nodule is at 2 cm
r ^ y . , . in Section 1 — probably downhole contamination.
5fi 2/1 SMEAR SLIDE SUMMARY
Pyrite 3
Clay minerals t
_ Volcanic glass (dk) I
Carbonate unspec.
Foraminifers


















1-19 cm =14% 2-109 cm = 1%
1-49 cm =18% 2-139 cm = 53%
1-109 cm = 5% 3-19 cm = 69%
- 5G 2/1 1-139 cm = 3% 3-49 cm = 65%
2-19 cm = 13% 3-79 cm = 65%
5G3/1, 2-49 cm = 8% 3-109 cm = 66%
5G2/1 2-79 cm = 26% 3-139 cm = 26%





6 Y 8 / 1
 CARBON-CARBONATE: 20. CC
% Carbonate 33
% Organic carbon 0.1
5GY 5/1
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ranging from light gree
NANNO OOZE
nish gray
4/1). Burrowing of color bounda













1-19 cm = 52%
1-49 cm = 52%
1-79 cm - 39%
1-109 cm = 49%






















































m - 4 3%
m = 72%
cyclic color variations
ark greenish gray (5G
Many spots of pyrite
3-19 cm = 51%
3-49 cm = 50%
3-79 cm = 28%
3-109 cm - 46%
SITE 503 HOLE A CORE (HPC) 22 CORED INTERVAL 89.8-94.2 m
Note: Graphic lithoiogy represents average composition derived from
smear slides and does not reflect the detailed alternation, of sediment
types. Gradational changes between smear slides are arbitrary and do
logic changes.
LITHOLOGIC DESCRIPTION
. (Biostratigraphy based upon sedir
CARBON-CARBONATE: 22, CC
% Carbonate 50
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~ V O I D Cycles of SILICEOUS-BEARING NANNO MARL ranging from oliye
gray (5Y 5/1) to light greenish gray (5G 7/1) in color. The core is
highly disturbed with carbonate nodules at 100 cm in Section 1 and





Pyrite 2/R . , . ;
Clay minerals 15/C
Carbonate unspec. 10/C




Sponge spicules 3/R " '
.— VOID Silicoflagellates 2/R i -
CARBON-CARBONATE: 23, CC
% Carbonate 43
% Organic carbon 0.4




~ N4,5Y5/1 • ,.
5Y5/1
smear slides and does not reflect the dei
types. Gradational changes between sme





























































































































































































































Cycles of SILICEOUS NANNO MARL, rangi
greenish gray (5G 8/1)
gray (5GY 4/1) and oliv
except for the laminated
ig in color from tight
and pale yellow (5Y 8/3) to dark greenish
(5Y 4/3). Mottles an i burrows are common
nterval from 127-135 cm in Section 2. Areas














1-109 cm = 44%
1-139 cm = 42%
2-19 cm = 47%
2-49 c m - 14%






















2-109 cm = 70%
2^139 cm = 3 1 %
3-19 cm = 53%
3-49 cm = 52%



























% Organic carbon 0.3
SITE 503 HOLE A CORE (HPC) 26 CORED INTERVAL 107.4-111.8 m
LITHOLOGIC DESCRIPTION
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I SILICEOUS NANNO MARL, highly disturbed, light gray (N7 and N8)




• Claym.nerals L e
N 5 N 6
• Carbonate unspec. 10/C
m
• Foraminifers 2/R







% Organic carbon 0.4
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burrow is at 29 cm
tends from 116 cm
green (5BG 5/2) e
Section 3.
of SILICEOUS NANNO MARL TO SILICEOUS
nging in colo
(5Y 8/2) to g
wing and cole
in Section 3.
from light greenish gray (5G 8/1)
eenish black (5G 2/1) and dark green-
r mottling are common. A zoophycus
A HPC "collapse" coring artifact ex•
























1-49 c m ' 17%
1-79 cm " 5 2 %
1-109 cm = 35%































Note: Graphic I ith ol og y represents average composition derived from
not imply actual lithologic trends. Color variations approximate litho
logic changes.
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Cycles of SILICEOUS NANNO OOZE ranging in
gray (5Y 8/1) and ligh
rowing and mottling ar
in Section 2. Below th
Pyrite enriched zones a
wood is at 66—73 cm in
greenish gray(5G 8/1) tc
common from the top
is boundary the sedime













1-19 cm = 36%
1-49 cm = 48%














2-19 cm = 65%
2-49 cm = 65%
2-79 cm - 67%
2 109 cm = 69%
color from yellowish
olive (5Y 5/3). Bur-
of the core to 40 cm
t is highly uniform.
A possible piece of
SITE 503 HOLE A CORE (HPC) 3JL CORED INTERVAL 129.4-133.8 m
Note: Graphic lithology






Cyclic alternation of SILICEOUS NANNO OOZE AND SILICEOUS
NANNO MARL ranging in color from pale olive (5Y 6/3) and greenish
gray (5G 6/1) to light greenish gray (5G 8/1) and very light gray (N8).
Highly burrowed and mottled throughout. Individual burrows and


















1-79 cm = 40%
1-109 cm = 30%
1-139 cm = 66%
2-19 cm = 53%
2-49 cm = 63%
2-79 cm = 37%























SITE 503 HOLE A
 C O R E ( H p c ) 32 ç 0 R E D INTERVAL 133.8-138.2 m
LITHOLOGIC DESCRIPTION
Cycles of SILICEOUS MANNO MARL raniπg in colo
(N7) to pale olive (5Y 6/3). Mottling is present. A <























% Organic carbon 0.3
















% Organic carbon 0.5
N4, N5, N8
5G6/1,N2,5G8/1
Note: Graphic lithology represents average composition derived from
types. Gradational changes between smear slides are arbitrary and do










































































































































































































Cyclic alternation of CALCAREOUS-BEARING DIATOM OOZE,
R r v s/1 MS d ° m i n a n t ' V <=üve <5Y 5/4) in color, and light greenish gray (5GY 8/1)
O U T 0 /1 . IMD
 S | L | C E O U S NA|MNO MARL. Gradations in color and composition be-
tween endtypes is common. Section one is very disturbed throughout.





— Disturbed Clay minerals 19/C 14/C
Volcanic glass (dk I - 1/T
5GY6/1 , Carbonate unspec. 7/C 5/C
5GY8/1 , Foraminifers - 2/R
l ° i ' , l ' r n Calcareous nannofossils 8/C 40/A
5Y4/3 D i a t o m s 5 0 / A 2 0 / C
Radiolarians 7/C 10/C
Sponge spicules 5/C 5/C
— Silicoflagellates 3/R 2/R
5G8 /1 , N7,
5Y 8/1, 8/3 CARBONATE BOMB:
_ 2-19 cm = 48% 2-139 cm = 41%
5G8/1 7/3 2-49 cm = 66% 3-19 cm = 51%
2-79 cm = 58% 3-49 cm = 41%
2-109 c m - 2 %
CLAY MINERALOGY (<2µm): 2-71 cm
~ Smectite 99%
5Y5/4, .

































SITE 503 HOLE A CORE (HPC) 36 CORED INTERVAL 151.4-155.8 r
LITHOLOGIC DESCRIPTION
Cycles of SILICEOUS NANNO MARL,
greenish gray (5G 8/1} and yellowish gra










1-19 cm = 65%
1 -79 cm = 63%
1-109 cm = 31%
1-139 c m - 4 9 %




















































































































37 CORED INTERVAL 155.8-160.2 m
GRAPHIC
LITHOLOGY
~-j_~x~ i ~*~ i
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Cyclic alternation of SILICEOUS-BEARING NANNO OOZE, domin-
5Y 8/1 antly yellowish gray (5Y 8/1) and light greenish gray (5G 8/1) in
5G8/i[ color and SILICEOUS NANNO OOZE, dominantly light olive gray
5G 7/3, (5Y 6/2) and greenish gray (5G 6/1) in color. Gradations in composi-
5Y 8/3, t• n and I betw n th dt B ouu ri ttl
5 G 7 / 1
' are common Many spots zones and burrows show pyrite enrichment





Carbonate unspec. 10/C 10/C
Foraminifers 5/C 2/R
Calcareous nannofossils 55/A 50/A
Diatoms 10/C 20/C
Radiolarians 5/C 7/C
Sponge spicules - 3/R
~ Silicoflagellates 2/R 3/R
5Y 6/2,
5G6/1, CARBONATE BOMB:
1-49 cm = 66% 2-19 cm = 41%
5G 8/1 ' " 7 9 c m = 6 8 % 2 ' 4 9 c m " 6 2 %
5Y8/31 1-109 cm = 77% 2-79 cm = 65%
5G8/3, 1-139 cm = 74% 2-109 cm = 71%
5Y 7/4,
j j , 5 8 / 1 • CARBON-CARBONATE: 37, CC
% Carbonate 71
% Organic carbon 0.3
5Y8/1,
5G 8/1





% Organic carbon 0.3
8 SITE 503 HOLE A CORE (HPC) 39 CORED INTERVAL 164.6-169.0 r
A
SITE 503 HOLE A






Cycles of SILICEOUS NANNO MARL,
green (5G 8/1) to pale olive (5Y 6/3) in
endtypes in color are common. Slightly m
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Dominantly dark greenish gray (5GY 6/1 and 5G 6/1) SILICEOUS
NANNO OOZE. Burrowing and mottling are common. There are
— many zones of pyrite enrichment.
5G6/1,
5GY6/1,
5Y6/3, SMEAR SLIDE SUMMARY












1-49 cm = 64%
1 -79 cm = 48%
1-109 cm = 54%
CARBON-CARBONATE: 40, CC
% Carbonate 55








Cycles of SILICEOUS NANNO MARL, ranging in color from grei
gray (5G 5/1, 5G 6/1) to light greenish gray (5G 8/1). Gradai
between endtypes in color are common. Highly burrowed and mo






































































% Organic carbon 0.2





SITE 503 HOLE . A CORE (HPC) 4 2 CORED INTERVAL 177.8-182.2 m SITE 503 HOLE A CORE (HPC) 43 CORED INTERVAL 182.2-186.6m.
H FOSSIL y FOSSIL
J CHARACTER J CHARACTER
g 2 co I co I g I I
 g g g < „[ , 1 , 1 I z „
T l P i | I §_ g P LJTHOIOGY J < l UTHOLOG.CDESCR.FT.ON f t | § £ | | | _ | £ ™£™y |?S LITHOLOGIC DESCRIPT.ON
•= 1 I I I III IliiS p I I I 1 III ill! 1
o" -^L-Zfe-1-..-
 β
• ' r i — ^ ~ = ~~ — V O I D
§ " J u • • ^ i . -
 5 G 8 / ] Cyclic alternation of SILICEOUS-BEARING NANNO OOZE, which is _ 8 - - _r\ -1- -L. j
£ " ~ =-*- i - * - " — light greenish gray (6G 8/1, 5GY 8/1) and pale yellow (5Y 8/3) in - ™ " E " ^ j _ _ 1 _
- - ;<->-_L - I - ' color and SILICEOUS NANNO MARL which is dark greenish gray | - - ' J _ _ L cvcles of SILICEOUS-BEARING NANNO OOZE, ranging in color
_-_ ^~ . - * - , • ( 5 G 4/u a r l d 0 | i v e ( 5 Y 4/1) i n color Gradations in color and composi- | - O J-_|_-1-_L. f r o m dpminantly grayish green (5Y 6/2 and 5G 6/2) and greenish gray
S CM rr ---rC • 1 - 1 - I • Kr?/! ' tion between endtypes are common Highly burrowed and mottled 3 " 7- z : •L . O . 5GY 6/1 (5GY 6/1) to dominantly light greenish gray (5G 8/1 and 5GY 8/1)
-
 C G
 β • B - ‰ - O - " _ ! _ - * - , I v l / i ; throughout. Spot and burrow enriched in pyrite are common, and are | C G 0 5 ~ ^ ^ ) J - , - J - and pale yellow (BY 8/3). Gradations between endtypes in color are
S - ~-• = -L-_i_•-- 5G8/1, medium gray (N5) and medium dark gray (N4) in color. .0 " • . . l _ J _ common. The sediment is very uniform from the top of the core to
g - r ^ Q : • ^ - J _ " J ~ »* N 6 ε - ~ S Λ I " " ~ l ~ 1 1 1 0 C m i n S β c t i °n 2• b e l o w t h i s boundary it is highly burrowed and
5 _-__.- ^-4— j SMEAR SLIDE SUMMARY <•> - ~ '~~' L~HjL~1" * π\πl ' P° S ° PVn e enπc men are common, an re ar gray
_-_-Qs JU-L-U I 2-80 3-70 S -^~ri,--~,--
^ – Ll_ _i_" D D * - ^ ? I 1 SMEAR SLIDE SUMMARY
I CG l β ~ ^ ^ - 1 _ - l - J _ * * fVrtte 1/T 1/T ' - " ~ r l = = 1 - , , . - 1 - . ! . 1-80 " 3-7
« r•-×J~ . _1_ Clay minerals 18/C 20 /C 2 CG " - O L i ~ L i O D D
I " "_-: : = " * - _ ! _ Volcanic glass (It) - 1/T ^ - - . . " * " , Pvrite 2/R - 2/R
I --lO'-1-,-1-' Carbonate unspec. 10/C 10/C I - r. ~j£ " j _ X J . Clay minerals 8/C 14/C 15/C
< _ r - : = - _ ! _ , _ ! _ - r ~
 5 G 6 / 1 Foraminifers 1/T - E jg . ^– ^ - J _ - - - _ J _ Volcanic glass (dk) - 1/T -
« • - I - f •^ - • jL . - 1 - . ! - ^ 5G6/1' Calcareous nannofossils 50/A 35/A <t ri IT : " 1 J . Carbonate unspec. 15/C 10/C 10/C
S _ - _ j v -l_ •« 5Y6/3;
 Dia,Oms 10/C 15/C " r, O . _1_ « _ Foraminifers 3/R 5/C 1/T
S d X ,-L- * * 5 Y 7 / 3 • Radiolarians 5/C 10/C E = = - • - j , - 1 - = 5GY6/1, Calcareous nannofossils 50/A 45/A 50/A
I ' -I-O ^~X.-1- «< N 4 Silicoflagellates 5/C 8/C " IT Λ U . , _ L 5G 6/3, N5, Diatoms 10/C 12/C 10/C
g I C - " ; : ' - ! _
 | - I - " ~ _ 1 _ _ L 5Y8/3, Radiolarians 4/R 7/C 4/R
8 .2 CG - H Q - J - T - J L CARBONATE BOMB: " ^" > ! - _ J . - L _ J . 2 5YW3 Silicoflagellates 8/C 6/C 8/C
S S - " – • . I ^ ^ 1-19 cm = 63% 2-19 cm-42% 3-19 cm = 62% g _ IT " W . _ ! - . ••<
2 I _:-X• -J-i 1-49cm = 56% 2-49cm-44% 3-49cm •55% .2
 F M
 ü
 H F S JL. S<K CARBONATE BOMB:
-
 S
 ~ r ] v -L-_J_-1- " 5G8/1, 1-73 cm = 47% 2-79 cm - 57% S _ ^ K > "^-L-~1 " ~~ ~ 1-19 cm = 53% 2-49 cm = 40%
? 2 " 3 = : ""-r-1- 5GY8/1, M09cm = 48% 2-109cm-47% S t 2 " " _ - -L- - i - ' 1-49 cm-5196 2-79 cm - 42%
I " -4Q '-L- , - I - ' * 5 Y 8 / 3 1-139 cm = 34% 2-139 cm = 68% ~ S " T. A -l~~~J- 5 G Y 8 / 1 1-79 cm = 53% 2-109 cm = 43%
§ • _ EH- - _ i _ - J - _ l _ I - - I ~^~ • _ | _ _ 1 _ 5Y8/3 1-109 cm = 51% 2-139 cm-48%
_riIX-,-'-_, - _ - CARBONCARBONATE: 42, CC .0 _ - Z = • , ->- , BY 5/3! 1-139 cm = 51% 319 cm- 54%
t CG - ^ ‰ • \ - * - ! 5 G 6 / 1 • % Carbonate 18 5 . H O T " ' T 5 Y β / 1 2-19 cm = 41%
-§ -jj-j I _1_ . 5 Y 7 { 3 • % Organic carbon 0.4 "J CG " = = -L-
I " " - j θ f - l _ . _ l _ β®< _ 5Y 7/1 O -_- ^ _ _ 1 _ J _ CARBONCARBONATE: 43, CC
3 „ - H U J _ J. - –
 5 G 8 / 1 , - : - : > C J _ 7 - - L . % Carbonate 42
I ^ - 4 * 1 X* 5GY8/1.5Y8/3 S - E:' ~ _ 1 _ J _ % Organic carbon 0.4
"ò. 00 - H ^ ' _L_ . "> -– j**— ~ ^ ' ~
u " --"cf - 1 - . --- ~ KVH/ J = • S - V ^ j _ J_ , 5Y8/1,
- H & J I ÷ J-• M?»2.BGYβ/i i -:=λZ-i-i:-L: 5 G Y 8 / 1
:-Bfc j > ÷ : - - 5G6/1, I 3 - i = ^ : - 1 - ^ ^ ,.
_ f> r_"t - " " I 5G 5/1 S. oβ ' -• J-\_ -"-_• - 1 - 5Y 8/3,I
 FM 1=3 : ^ è ^ ė ^ -6/3• - - f c - • ^ i ^ i • ± ± : -"•*"•-1 -E=zL ^ - i : - - : ^ ^ ~ VO,D ™CM AG
 s C c | T y ^ - L ^ • i 1 1 ^ > β / 3
a S -'•~~-T* •-- 1 ~ 1 - 5G4/1.5Y4/1, £
</j ^• _ r_- ~ ' _ L - L " _ N7,2.5Y 7/2 | | | | | | | •~ ] |
RM FP AG ^  C C ] " > - - y j J ÷ • X - l 0 ! 1 ' 5G 8/1
2 Note: Graphic lithology represents average composition derived from
types. Gradational changes between smear slides are arbitrary and do
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Cyclic alternation of SILICEOUS NANNO OOZE AND SILICEOUS
NANNO MARL ranging
greenish gray (5G 8/1 a
in cole
d 5GY
greenish gray (5G 6/1). Gradatio
is highly burrowed and mottled
Spots and streaks of py
deformation structure re
from 20 cm in Section 1
rite enr
ated to











1-19 c m - 5 6 %
1-49 cm = 38%
1 -79 cm = 40%
























r from yellowish gra
8/1) to light olive gr
TroughouLCoirrT
chment are common












•n = 33% 3-19 c
•n =• 43% 3-49 c
T i . 41% 3-79 c
cm = 47%
cm = 53%
y (5Y 8/1) and
y (5Y 6/1) and
ng^ar^^btlë1
A "collapsed"




SITE 503 HOLE A CORE (HPC) "6 CORED INTERVAL 195.4-199.8 r

































































LITHOLOGY i 3 LITHOLOGIC DESCRIPTION
No core recovered. (Biostratigraphy based upon sediment streaks
from Core-Catcher.}
i_ LITHOLOGIC DESCRIPTION
SILICEOUS NANNO OOZE. Th













































































































_ 1 _ _ 1 _





 1 ~*~ 1
I
- _ 1 _ - L - _ L
I— -L-
1 - _ 1 _ -
L















SILICEOUS NANNO OOZE in various shades of gray (N6, N7). Uni-
form in color except for a spot of pyrite enriched at 15-20 cm in














% Organic carbon 0.2
types. Gradational changes between smear slides are arbitrary and do
not imply actual litholσgic trends. Color variations approximate litho-
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5G 8/1, Cycles of SILICEOUS NANNO OOZE showing subtle color variation
10YR 8/3 downcore ranging from light greenish gray (5G 8/1, 5GY 8/1) and yel-
~~ lowish gray (5Y 8/1) to light greenish gray (5G 7/1) and yellowish gray(5Y 7/1). Areas of pyrite enrichment are common yielding darkei
shades to the basic colors. Burrowing and mottling are common
lyl1/]' SMEAR SLIDE SUMMARY
5GY8/1, 2 • 8 0
N5, N3, D








1109 cm = 77% 2-79 cm = 73%
5Y8/1, 1-79 cm = 75% 2-109 cm = 73%
5GY8/1, 1-139 cm = 79% 2-139 cm = 66%
lf*8'\ 2-19 cm-78% 3-19 cm-75%
N5, N3,
 n
5G 6/3, 2 m c m ~ 7 5 % 3 ' 4 9 c m 7 4 %
5Y 5/3'


























































































































Cycles of SILICEOUS-BEARING NANNO OOZE which darkens
toward the base of the core. Colors vary from light greenish gray {5G
8/1) and yellowish gray (5Y 8/1) to dark greenish gray (5G 4/1) and
greenish gray (5G 6/1). Numerous spots and streaks of pyrite enrich-
ment occur which are medium gray (N5) to dark gray (N3) in color.
5G8/1, Highly burrowed and mottled.
5Y8/1,
5G7/1, SMEAR SLIDE SUMMARY
5G6/3, ,..,25




Clay minerals 15/C 12/C
Volcanic glass (It) 1/T
Carbonate unspec. 10/C 10/C
Foraminifers - 1/T
Calcareous nannofossils 50/A 50/A
Diatoms 15/C 15/C
. _ . . . Radiolarians 5/C 3/R
5Q6/3; Silicoflagellates 3/R 2/R
5Y 8/3,4/1,
N7 CARBONATE BOMB:
1-49 cm-72% 1-139 cm = 78%
5G 6/1, 8/1, 17Q rm — fiQ% 9 1Q rm — R7°/
5 Y 6 / 2 . _ 5 G 7 / l . 1 1 C ] 9 c m = 7 3 %
CARBON-CARBONATE: 49, CC
% Carbonate 67
% Organic carbon 0.3
: Graphic lithology represents aver
r slides and does not reflect the di
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1, Cycles of SILICEOUS NANNO OOZE,
antly light greenish g
to dominantly light
ment is highly burrc
streaks are common
lonitel?) are at 33 a






























1-49 cm = 53%
1-79 cm = 62%
1-109 cm = 67%










































anging in color f
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5G 4/3, 5Y 5/4,
5Y 7/3, N3
LITHOLOGIC DESCRIPTION
Cycles of SILICEOUS NANNO OOZE, ranging in color from dominant-
ly light greenish gray (5G 8/1,
gray (5Y 8/1) to dark gr
sediment is highly burrc
ments are common as w
richments
yish gr
5G 7/1, and 5GY 8/1) and yellowish
een (5G 4/2) and olive (5Y 4/3). The













1-49 cm = 67%
1-79 cm = 58%
1-109 c m - 63%
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| Y 8/1' cVdes of SILICEOUS NANNO MARL, ranging-in color from light
5G 6/1! greenish gray .(5G 8/1, 5GY 8/1) and yellowish gray 15Y8/1) to green-
5Y 7/3'. ish gray (5G 5/1, 5G 6/1, and 5GY 6/1). Spots and streaks enriched
5G 6/3, jn pyrite are common. Some burrows have reaction rims of pyrite.




5 Y 8 / , Pyrite 1/T I/T
5 G 8 / l ! Clay minerals 21/C 22/C
5G 6/1 Carbonate unspec. 10/C 10/C
r- Foraminifers 3/R 2/R
Calcaeous nannofossils 35/A 40/A
5GY6/1,
 D i a t o r m 15/c 15/C
5Y 6/2! Radiolarians 10/C 5/C
5G7/ i ' Sponge spicules 2/R
Silicoflagellates 3/R 5/C
6 Q 8 / 1 CARBONATE BOMB:
5Y8/i', 1-19 cm = 58% 2-49 cm - 64%
5GY8/1 1-49 cm = 47% 2-79 cm = 44%
1 -79 cm = 56% 2-109 cm = 58%
_ 1-109 cm = 50% 2-139 cm = 75%
5Q$/ 1-139 cm =50% 3-19 cm = 71%





• CARBON-CARBONATE: 52, CC
_
5 G 7 / 4
 % Carbonate 26






















SILICEOUS NANNO MARL, ranging in color from domin
greenish gray (5G 8/1) and yellowish gray (5Y 8/1) to gre
(5G 6/1) and pale olive (5Y 6/3). Spots, streaks, and zones
enrichment, dark gray |N3) and medium gray (N5) in color
mon throughout. A carbonate nodule, formed around a bu













1-19 cm = 42%
1•49cm = 44%
1 79 cm = 47%
1-109 c m - 19%
1-139 c m - 37%



































Note: Graphic Hthology represents average composition derived from
smear slides and does not reflect the detailed alternation of sediment
types. Gradational changes between smear slides are arbitrary and do





































































































































































































































































6Y 7/2, 5Y 8/3,
















Cyclic alternation of SILICEOUS MARL, which is light gray (5Y 7/1)
and light greenish gray
SILICEOUS-BEARING
Gradations in both colo
5G 7/1) in color and CALCAREOUS AND
:LAY, greenish black (5G 3/2) in color.
and composition between the endtypes are
common. Streaks and spots of pyrite enrichment are common, dark










1-19 cm = 34%
1-49 cm = 30%
1-79cm= 10%
1-109 cm = 50%
1-139 cm = 35%
2-19 cm = 53%















2-79 cm = 38%
2-109 cm = 59%
2-139 cm = 50%
3-19 cm = 51%
3-49 cm = 47%
3-79 cm = 51%




SITE 503 HOLE B CORE (HPC) 1
Note: Graphic lithology represents avera
smear slides and does not reflect the de
types. Gradational changes between sme
not imply actual lithologic trends. Color
logic changes.





Cyclic alternation of IRON OXIDE AND SILICEOUS-BEARING CAL-
CAREOUS OOZE, which is very dark grayish brown (10YR 3/2) in
color and SILICEOUS-BEARING CALCAREOUS OOZE, which is
yellowish brown (10YR 5/4I to light yellowish brown (10YR 6/4)
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Cyclic alternation of IRON OXIDE AND SILICEOUS-BEARING
NANNO MARL, which is very c
yellowish brown (10YR 3/4)
ark grayish brown (10YR 3/2) to dark
n color, and SILICEOUS-BEARING
NANNO MARL, which is very pale brown (10YR 8/3 and 10YR 7/3)
in color. Gradations in color a nd sediment type are common. Bur-
rowing and mottling are common. Open burrows are present at 112-
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Cyclic alternation of IRON OXIDE AND SILICEOUS-BEARING CAL-
CAREOUS OOZE which is da
SILICEOUS-BEARING MARL,
to light yellowish brown
sediment type are presen
10YR
) over
BEARING NANNO MARL, dar
ish gray (5G 7/1) in color.
throughout the core. Op
85-105, and 120-135 c
oxi ize an re uce sect
en bu















































































wn (10YR 3/3) in color, and








ons in color and
of SILICEOUS-
5G 4/1) to light green-
mottl
at 7,
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Cycles of SILICEOUS-BEARING CALCAREOUS OOZE, with colors
ranging from very dark
(5G 8/1). Burrowing and
burrows are common in
Section 3. Some burrow







































































































Note: Graphic Hthology represents average composition derived from
smear slides and does not reflect the detailed alternation of sediment
types. Gradational changes between smear slides are arbitrary and do








SITE 503 HOLE B CORE (HPC) 6 CORED INTERVAL 20.4-24.8
LITHOLOGIC DESCRIPTION
Cyclic alternation of SILICEOUS-BEARING MARL, which is light
greenish gray (5G 8/1 and 5G 7/11 and dark greenish gray (5G 4/2
and 5G 4/1) in color, and CALCAREOUS SILICEOUS MARL, dark
gray (N3) and medium dark gray (N4) in color. Gradations in color
tized burrows are common. A carbonate nodule, light gray (2.5Y
7/2) in color, which formed around a burrow is at 38 cm in Section
33/A 38/A 26/A
e: Graphic lithoiogy represents avera>
ar slides and does not reflect the det
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Cycles of SILICEOUS-BEARING MARL, ranging from gr
(5G 5/2) to light greenish gray (5G 8/1) in color, with se
mottles, of very dark gr
common. Zoophycus bur
Section 2, and 8-23 err
and 145-153 cm in Sec




e at 122 cm in Section 1,
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Cyclic alternation of SILICEOUS-BEARING CALCAREOUS OOZE,
dominantly light greenish gray (5G 8/1) in color and SILICEOUS
color and sediment composition are c
motlting are common. A
and an open burrow is a
bands of pyrite enrichm
zoophycus bur










































mmon. Burrowing and color
ow is at 130 cm in Section 1
tion 3. Pyritized burrows and














SITE 503 HOLE B CORE (HPC) 8
vlote: Graphic lithology represents avera
,mear slides and does not reflect the de-
:ypes. Gradational changes between sme






Cyclic alternation of SILICEOUS-BEARING CALCAREOUS OOZE,
dominantly grayish green (5G 5/2) in color with SILICEOUS-BEAR-
ING MARL, dαminantly greenish black (5G 3/1) to black (5G 2/1) in
color. Burrowing and mottling are common. Zoophycus is 3t 64 cm in
Section 1. Carbonate nodules, formed around burrows, are at 32 cm in
Section 1 and 70 cm in Section 2. Burrows and mottles are subdued
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Dri l l ing breccia ot rust, broken nodules, and sediment.
CARBON-CARBONATE: 9, CC
% Carbonate 35
% Organic carbon 0.3
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5 G ? / 1 Cycles of SILICEOUS-BEARING MARL, ranging from greenish black
(5GY 2/1) and dark greenish gray (5GY 4/1) to light greenish gray
— (5G 8/1) in color. Gradations in color between the end types are
5G 6/1 ' burrow is at 84 cm iand open burrows are at 117 and 138 cm in Section
1 and 30-38 cm in Section 2. Carbonate nodules, light gray (2.5Y
~ 7/2) in color, which are formed around burrows, are at 79 cm in





_ M D D
Pyrite 1/T - 2/T
5G 6/1 Clay minerals 81/D 28/A 29/A
Volcanic glass (It) - 15/C -
Volcanic glass (dk) - 2/R 1/T
~ 5 G 8 / 1 Carbonate unspec. 15/C 15/C 30/A
5GY8/1 Foraminifers - 1/T -
Calcareous nannofossils 3/R 25/A 5/C
Diatoms - 7/C 10/C
~ 5G 6/1 Radiolarians 1/T 7/C 12/C
Sponge spicules — — 1/T




— % Carbonate 46
% Organic carbon 0.4











SITE 503 HOLE B CORE (HPC) 11 CORED INTERVAL 42.4-38.0 r
Note: Graphic üthotogy represents avera
smear slides and does not reflect the det
types. Gradational changes between smei




Cycles of SILICEOUS MARL, ranging fron
4/1) to light greenish gray (5G 7/1) in cole
Open burrows are found at 90-95 cm in Sei
tion 3. A zoophycus burrow is at 134 cm in
rows are at 85-90 cm in Section 2. The ir





































































































































































































































































Cyclic alternation of SILICEOUS MARL, de minantly dark grayish
green (5G 4/2) in color, and SILICEOUS-BEARING MARL, which is
dominantly greenish gray (5G 6/1), in
sediment composition are common. Bu
common. An open burrow is at 54 cm in
formed around burrows, are at 80-90






Clay minerals 25/A 16/C
Volcanic glass (dk) 2/R 2/R
Carbonate unspec. 20/C 25/A
Foraminifers - 5/C





















color. Gradations in color and


















n 2. Carbonate nodules.
36 cm in Section 2. A



































































































































































































































Cycles of SILICEOUS MARL, v
5G 8/1, and 5G 7/1), c
in color. Gradations in
tling are common. Car
formed around burrow




»hicb s light greenish gray (5GY 8/1,
5Y 4/2), and dark olive gray (5Y 3/2)
Comm
dules.
















































on. Burrowing and color mott-
light gray (2.5Y 7/2) in color.
1-85, and 93 cm in Section 1.































t the detailed alter
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I Cycles of SILICEOUS MARL, ranging from tight greenish gray (5G
» 8/1, 5G 7/1) to brownish gray (5Y 4/1} and dark greenish gray in color.
* Fairly uniform with only subtle burrows and mottles from 70-150
cm in Section 1, 50-150 cm in Section 2, and 0-40 cm in Section
5G 7/1 3. Other intervals are highly burrowed and mottled. Fragments of a






Clay minerals 21/C 16/C
5 B 7 / 1
•
N 6
 Volcanic glass (dk) 2/R 1/T
Carbonate unspec. 25/A 35/A
Foraminifers 5/C
5 G Y 6 / Calcareous nannofossils 10/C 10/C
N β N 2 Diatoms 10/C 12/C
Radiolarians 15/C 12/C
5Y 7/1, 5G 7/1, Sponge spicules 2/R
— 5Y8/1 Fish debris - 1/T
r r v , , , Silicoflagellates - 1/T
5Y4/2 M i c r i t e 1 0 / c 1 0 / c
5 G 7 / 1 > 2
5GY 6/1,4/1, CARBON-CARBONATE: 14 CC
N 6 % Carbonate 43
— % Organic carbon 0.3
5GY5/1.N5







Note: Graphic lithology represents avera
smear slides and does not reflect the de
types. Gradational changes between sme
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I Cycles of SILICEOUS MARL, ranging from light greenish gray (5G
° 7/1) to dark green (5G 4/3) in color. Subtle burrowing and mottling
— dominate. Open burrows are at 100 cm in Section 1 and 9 cm in Sec-
5GY 4/1, tion 2. Pyritized burrows and bands of pyrite enrichment are common.
5B 5/1 A zoophycus burrow is at 12 cm in Section 3. Carbonate nodules are
at 6, 28, and 36 cm in Section 1; 132 cm in Section 2; and 108 cm





Clay minerals 31/A 29/A
— Volcanic glass (dk) 2/R 1/T
5B6/1 N4 Carbonate unspec. 25/A 20/C
Foraminifers 2/R -
— Calcareous nannofossils 10/C 10/C5GY6/1, . .5G6/1 Diatoms B/C 10/C
5Y7/2'N2 Radiolarians 12/C 13/C
~ ^ ' Silicoflagellates - 2/R
5G4/3, Micrite 10/C 15/C
5GY 5/2, N2
CLAY MINERALOGY ( < 2 µ m i : 2-71 cm
Smectite 94%
— Chlorite &
N3, N5. Kaolinite 6%
5GY 6/1
'― CARBON-CARBONATE: 15, CC
5G 7/1,6/1 % Carbonate 35
% Organic carbon 0.3
5G 6/2, 5/2
_ 5G 7/1, 6/1
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4/1) and dark greenis
ING MARL, which i
(5G 7/1) in color. G
common. Burrowing
Section 1. Carbonate
in Section 1 and 117
common. Faint white
Section 3.
SILICEOUS MARL, which is grayish olive (5Y
i gray (5G 4/1) in color, and SILICEOUS-BEAR-
yellowish gray (5Y 7/1) and light greenish gray
adations in color and sediment composition are
and mottling are common from 140 cm in Sec-
Section 2. A zoophycus burrow is at 132 cm in
cm in Section 2. Burrows enriched in pyrite are



































SITE 503 HOLE B CORE (HPC) 1 7 CORED INTERVAL 6β.8-73.2r
ite: Graphic lithology represents average composition derived from
MS. Gradational changes between smear slides are arbitrary and do
t imply actual lithologic trends. Color variations approximate litho-






Cycles of SILICEOUS MARL











































































































































































































































~ Cycles of SILICEOUS MARL ranging from light greenish gray (5GY
6GY 6/1 8/1 and 5G 8/1) and yellowish gray (5Y 8/1) to grayish olive (5Y 4/2)
and dark grayish green (5G 4/2) in color. Burrowing and mottling are
common. Zoophycus burrows are at 26 cm in Section 1 and 34 cm in
Section 2. Burrows enriched in pyrite are common. Mottling is subtle
5GY 4/1, 5/1, in the lower two sections.
5G4/1.N3
SMEAR SLIDE SUMMARY
- 1-90 3-80 3-130
5Y4/2, D D D
5G4/2 Pyrite 1/T 1/T -
Clay minerals 35/A 33/A 30/A
















CLAY MINERALOGY (<2µm): 2-71 cm
Smectite 91%
5G 7/1 Illite 2%
Chlorite &
Kaolinite 7%
~ CARBON-CARBONATE: 18, CC
5GY6/1, % Carbonate 56













SITE 503 HOLE B CORE (HPC) 1 9 CORED INTERVAL 77.6-82.01
LITHOLOGIC DESCRIPTION
Cyclic alternation of CALCAREOUS SILICEOUS OOZE, which is
dark greenish gray (5GY 4/1 and 5G 4/1) in color, and SILICEOUS
MARL light greenish gray (5G 7/1) and greenish gray (5G 6/1, 5GY 6/1)
upper half of Section 2 and less frequent elsewhere. Carbonate nodules





















































Note: Graphic lithology represents avera
smear slides and does not reflect the de-
types. Gradational changes between sme
not imply actual lithologic trends. Color
logic changes.
erived from
SITE 503 HOLE B CORE (HPC) 20 CORED INTERVAL 82.0-86.4 m
Note: Graphic lithology represents average composition derived from
types. Gradational changes between smear slides are arbitrary and do






of cyclic alternation of SILICEOUS MARL, dark greenish gray (5GY
4/1) and greenish black (5G 2/1) in color, with SILICEOUS-BEARING
MARL, light greenish gray (5GY 8/1 and 5G 8/1) and light bluish gray
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5 ( 3 7 / 1
 Cyclic alternation of SILICEOUS-BEARING MARL, which is light
greenish gray (5GY 8/1 and 5G 8/1) in color and SILICEOUS MARL,
~ which is yellowish gray (5GY 5/1) and greenish gray (5G 6/1) in color.
5G 6/1 Gradations between the endtypes in color and composition are com-
mon. Zoophycus burrows are at 56, 67, and 115 cm in Section 3.
5G 7/1 Pyrite enrichment of burrows is common.





 C | a y minerals 23/C 39/A
Volcanic glass (dk) 2/R 1/T
5 G 6 / 1
 Carbonate unspec. 15/C 15/C
5G 7/1 Calcareous nannofossils 15/C 5/C
~ Diatoms 10/C 15/C
Radiolarians 10/C 12/C
5G 6/2, _ .
 o / r ,5GY6/1 Sponge spicules 2/R -
Fish debris - 1/T
_ Silicoflagellates 2/R 1/T
Micrite 15/C 10/C
5GY 7/2,
5G 7/2 CARBON-CARBONATE: 21, CC
% Carbonate 50





















SITE 503 HOLE B CORE (HPC) 22 CORED INTERVAL 90.8-95.2 m
III
fi
Note: Graphic lithology represents average composition derived from
smear slides and does not reflect the detailed alternation of sediment
types. Gradational changes between smear slides are arbitrary and do
not imply actual lithologic trends. Color variations approximate litho-
logic changes.
LITHOLOGIC DESCRIPTION
Cyclic alternation of SILICEOUS MARL, which is olive black (5Y
2/1) and very dark greenish gray (5GY 3/11 in color, and SILICEOUS-
BEARING MARL, which is light greenish gray (5G 7/1) in color.
Gradations between endtypes in color and composition are common.




























































in Section 2. The sed
3. Carbonate nodules a












CLAY MINERALOGY (<2µrn): 2-71 <
Smectite 9 1 %
CARBON-CARBONATE: 22, CC
% Carbonate 47








Drilling % Carbonate 43
breccia % Organic carbon 0.2
SITE 503 HOLE B CORE (HPC) 24 CORED INTERVAL 99.6-104.0 r
LITHOLOGIC DESCRIPTION
Cycles of SI LICEOUS CALCAREOUS MARL, rangi
ish gray (5G 8/1) to medium gray (N5), olive gray
ish gray (5G 5/1) in color. Gradations between et
common. Below 120 cm in Section 1, burrowin
core shows a collapse structure which appears t>












































SITE 503 HOLE B CORE (HPC) 25 CORED INTERVAL 104.0-108.4 r
Note: Graphic lithology represents aver
smear slides and does not reflect the di
types. Gradational changes between sm
not imply actual lithologic trends. Colo
logic changes.
LITHOLOGIC DESCRIPTION
Cycles of SILICEOUS MARL, ranging in color from light greenish
gray (5GY 8/1, 5G 8/1) and pale yellow (5Y 5/1) to greenish gray
(5GY 6/1). Burrowing and mottling are common throughout. A
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Cycles of SILICEOUS NANNO MARL, ranging from light greenish
ray (5G 8/1 and 5GY 8/1) to greenish gray (5GY 6/1) and green (5GY
5/3) in color. The upper section is highly disturbed. The sediment is
lighly burrowed and mottled. Pyrite enrichment is abundant from





N5 pyrite 1/T 1/T
;iay minerals 17/C, 23/C
/olcanic glass (dk) - 1/T
Carbonate unspec. 10/C 10/C
oraminifers 5/C
,alcareous nannofossils 25/A 20/C
Diatoms 20/C 15/C
5GY6/1 R<>diolarians 10/C 10/C
5G 7/3. ' licoflagellates 2/R -
_ 5G8/1 Micrite 10/C 20/C
. 5G8/1.
IJ jXS^• CLAY MINERALOGY (<2µm): 2-71 cm
_









5GY 6/3, Chlorite &
5Y6/3 Kaolinite 4%









*> Organic carbon 0.1
ts)
SITE 503















- 1 2 5
L-150
I














5-2 5-3 5, CC 7-1 7-2 7-3 7,CC 8 9-1 9-2
SITE 503






—150 9-3 9, CC 10-1 10-2 10-3 10, CC 11-1 11-2 11-3 11, CC 12-1 12-2
223
SITE 503







•―150 12-3 12, CC 13-1 13-2 13-3 13, CC 14-1 14-2 14-3 14, CC 15-1 15^2
224
SITE 503







—150 15-3 15, CC 16-1 16-3 16, CC 17-1 17-2 17, CC 18, CC 19-1
SITE 503






•―150 19-3 19, CC 20-1 20-2 20-3 20, CC 21-1 21-2 21-3 21, CC 23-1 23-2
226
SITE 503
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150 29, CC 30-1
228
.






r—0 cm Hole 503A











—150 37, CC 38, CC 39-1 39-2 39-3 39, CC 40-1 40, CC 41-1 41-2 41-3 41, CC
230
SITE 503






•―150 43-3 43, CC 44-1 44-2 44-3 44, CC42-1 42-2 42-3 42, CC 43-1 43-2
SITE 503
Hole 503A
LU f ‰ ' ^ 5 ^ k -i ; i P. b \ •'•!
 ;.
o 1
— 1 0 0 !" ^ . V J
S α ^ 4 ' •"" '– - *' • ""-
«. - . i j H h ' *— ' i ••
- . < - ' ; ' v. ! " ' , - - - - • * 6 * - !
—125 f
U » Λ • *«. , Λ
•••••i ' I I I • H • I I I '
I O U










•—150 50-1 50-2 50-3 50, CC 51-1 51-2 51-3 51, CC 52-1 52-2 52-3 52, CC
233
SITE 503




















1-1 1-2 1,CC 2-1 2-2 2, CC 3-1 3-2 3-3 3, CC 4-1 4-2
235
SITE 503






4-3 4, CC 5-1 5-2 5-3 5, CC 6-1 6-2 6-3 6, CC 7-1
236
SITE 503







—150 7-3 7,CC 8-1 10-3 10, CC 11-18-2 8-3 8,CC 9-1
SITE 503









11-2 11-3 11, CC 12-1 12-2 12-3 12, CC 13-1 13-2 13-3 13, CC 14-1
SITE 503





14-2 14-3 14, CC 15-1 15-2 15-3 15, CC 16-1 16-2 16-3 16, CC 17-1
239
SITE 503





—150 17-2 17-3 17, CC 18-1 18-2 18-3 18, CC 19-1 19-2 19-3 19, CC 20-1
240
SITE 503


















23, CC 24-1 24-2
24, CC
25-1 25-2 25-3 26-1 26-2
25, CC 26, CC
